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NOTE: This site characterization description of groundwater hydrology 
(Section D.5) contains many changes from the previous version published in 
January 1989 in Volume IIA of the Green River RAP. The January 1989 version 
of Section D.5 should be considered obsolete and is superseded by this 
document. Other sections of Appendix D have not changed since the February 
1988 RAP was issued with the exception of Section D.4. Additional 
geotechnical data were reported in the January 1989 Appendix D Supplement, 
Site Characterization, Section D.4.



A.l INTRODUCTION

This appendix is intended to identify and describe the permits, licenses, 

and approvals that are likely to be required for the proposed action based upon 

the site design-(see Section 4.0 of the text). Other permits, licenses, and 

approvals may be required for activities beyond the scope of the Remedial 

Action Plan (RAP) or due to modification of the conceptual design.  

Procedures for preparing permit, license, or approval applications and 

agency review processes are outlined in the following sections. The principal 

technical and supervisory personnel at the regulatory agencies are listed as 

well. The Remedial Action Contractor (RAC) should consider this appendix to 

be an introduction to the permitting process while details must be obtained 

from the regulatory agencies. Applications must be submitted to Federal, 

state, and local agencies depending on the type of permit, license, or 

approval sought.  

A tentative schedule for regulatory compliance activities (Figure A.l.l) 

is included for initial planning purposes. Figure A.l.2 illustrates the 

regulatory compliance matrix. The RAC should sequence the preparation and 

filing of applications so that approvals will be received in a timely manner 

without causing delay to construction activities. Environmental Services 

personnel from the Technical Assistance Contractor (TAC) will provide 

additional assistance as needed.
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FIGURE A.1.1 REGULATORY COMPLIANCE SCHEDULE, GREEN RIVER, UTAH 

PERMIT/APPROVAL - MONTHS 

PRIME AGENCY 1 2 3 4 5 6 7 8 9 

NATIONAL POLLUTANT DISCHARGE 0 - /V_////__-/__ .___/_ _/z 7/77777-7-77 
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A MINING OPERATION - DOGM 

APPROVAL OF WELL PLUGGING- ,, 

UTAH STATE ENGINEER'S OFFICE 

WASTE WATER TREATMENT FACILITY El 
CONSTRUCTION PERMIT - BWPC 

AIR QUALITY APPROVAL ORDER - BAO El 

CONDITIONAL USE PERMIT - EMRY El 
COUNTY PLANNING DEPARTMENT _,__ _-_

EPA - ENVIRONMENTAL PROTECTION AGENCY 

USFWS - U.S. FISH & WILDLIFE SERVICE 

SHPO - STATE HISTORIC PRESERVATION OFFICER 
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BWPC - BUREAU OF WATER POLLUTION CONTROL 
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FIGURE A.1.2 
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PERMIT: NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT 

LEGAL CITATION: Clean Water Act of 1977; 40 CFR 125 

AGENCY/CONTACT: Utah State Department of Health 
.- Division of Environmental Health 

Bureau of Water Pollution Control 
P.O. Box 16690 
Salt Lake, UT 84116-0690 
ATTN: Calvin Sedweks, Executive Secretary (801) 538-6146 

Steven McNeal, Environmental Engineer 

PROCEDURE: This permit applies to all operations discharging to waters of the 
United States from a point source. Application is made by filing completed 
U.S. Environmental Protection Agency (EPA) Forms 1 and 2C under the EPA 
Consolidated Permits Program. Information required on Form 1 includes: 

(1) Name, mailing address, and location of the facility.  

(2) Facility contact.  

(3) Standard industrial classification code for the facility.  

(4) Existing Federal, state, or local permits.  

(5) Map covering an area extending at least one mile beyond the facility 
property boundaries. The map should be based on a 7.5-minute U.S.  
Geological Survey quadrangle map.  

(6) Description of the nature of the facility.  

Form 2C requires the following information: 

(1) Location, by latitude and longitude, and number designation of each 
effluent outfall.  

(2) Name of receiving water for each outfall.  

(3) Schematic flow diagram indicating sources of water, operations 
contributing wastewater for the effluent water balance, and 
treatment processes for each waste stream.  

(4) List of each operation, average flow, and treatment related to each 
outfall.  

(5) Description of the variation and frequency of water flow.  

(6) Explanation of any Federal, state, or local implementation schedule 
for construction or improvement of wastewater treatment or other 
environmental programs.
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NPDES PERMIT (Concluded)

(7) Influent and effluent characteristics: 
o Pollutants present.  
o Source of pollutants.  
o Concentration of pollutants.  
o Temperature of effluent.  
o Flow of effluent.  
o pH of effluent.  
o Total mass of pollutants discharged in a specified time interval.  

SPECIAL CONSIDERATIONS: Form C may be used as an alternative to Form 2C in 
the application. The conceptual design specifies that a zero discharge 
retention pond will be used to receive contaminated water. For this type of 
facility, the main purpose in obtaining an NPDES permit is to limit the 
liability of the operator for discharges that may result from a very large 
precipitation event or other unanticipated event. The EPA and state officials 
encourage operators to obtain a permit for a zero discharge facility. Prohibi
tions of a discharge permit include, but are not limited to, the following: 

(1) No discharge is allowed that will violate state, regional, or local 
land use plans unless all requirements and conditions of applicable 
Federal and state statutes and regulations are met or will be met 
according to a schedule of compliance. Similarly, no discharge is 
permitted that by itself or in combination with other pollutants 
will result in pollution of the receiving waters in excess of 
standards, unless the permit contains effluent limitations and a 
schedule of compliance with water quality requirements.  

(2) Limits of radiological wastes that may be discharged are determined 
by state water quality standards.  

(3) No discharge from a point source that is in conflict with an 
established water quality management plan promulgated under Sections 
201, 208, 209, and 303(e) of the Federal Water Pollution Control Act 
of 1972 and the Clean Water Act of 1977 is permitted unless the 
discharge permit contains limitations and a schedule of compliance 
approved by the EPA.  

The frequency of measuring, monitoring, and reporting is dependent on 
specific discharges.  

SCHEDULE: The State of Utah will assume NPDES primary from the EPA in 
Febuary, 1987. An applicant is to apply for a permit at least 180 days in 
advance of the date the discharge is to begin. In some cases, the state may 
determine that a site visit or additional information are necessary. In such 
a case, the applicant has 60 days to reply.
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PERMIT: THREATENED OR ENDANGERED SPECIES CONSULTATION PROCESS 

LEGAL CITATION: Endangered Species Act of 1973, Section 7, 
16 USC 1531, et seq.  

AGENCY/CONTACT.-.U.S. Fish and Wildlife Service 
Endangered Species Office 
2078 Administration Building 
1745 West 1700 South 
Salt Lake City, Utah 84138 
ATIN: Robert Ruesink, Field Supervisor (801) 524-4430 

PROCEDURE: A Federal agency must ensure that any action authorized, funded, or 
implemented by the agency is not likely to jeopardize the continued existence 
of any threatened or endangered (T&E) species or its critical habitat. The 
responsible Federal agency must consult with the U.S. Fish and Wildlife 
Service (USFWS) to determine what effect, if any, the proposed action might 
have on any T&E species.  

In most cases, a letter is sent by the Federal agency to the USFWS out
lining the proposed action. If the USFWS determines that no T&E species would 
be adversely affected by the action, the USFWS responds stating their finding 
and that no further compliance measures are necessary. If the USFWS identi
fies any T&E species that may be affected, the Federal agency is required to 
prepare a biological assessment considering the species identified by the 
USFWS, determine any impacts, and recommend appropriate mitigation measures.  
The Federal agency will issue a formal opinion of "may effect" or "no effect." 

SPECIAL CONSIDERATIONS: No listed or proposed threatened or endangered plant 
or wildlife species are known to occur at the Green River tailings and borrow 
sites. However, the bald eagle, peregrine falcon, and Colorado squawfish may 
occur near the sites. The remedial action activities are not expected to 
affect these species. The Environmental Assessment will serve as the 
biological assessment for consultation with the USFWS.  

SCHEDULE: After obtaining the list of T&E species from the USFWS, the Federal 
agency has 180 days or another mutually agreeable time period to complete a 
biological assessment. The Federal agency requests a Section 7 consultation, 
and the USFWS is required to issue a biological opinion within 90 days.

A-6



PERMIT: CULTURAL RESOURCE CLEARANCE 

LEGAL CITATION: Historic Preservation Act of 1966, 16 USC 470; Executive 
Order 11593; and 36 CFR 800 

AGENCY/CONTACT:- "State Historic Preservation Office 
Utah State Historical Society 
300 Rio Grande 
Salt Lake City, Utah 84101 
ATIN: Dr. Melvin T. Smith, State (801) 533-5755 

Historic Preservation Officer 

PROCEDURE: All Federal agencies are required to inventory archaeological 
and historical resources affected by their undertakings and to protect and, 
when necessary, recover significant resources. Prior to initiating surface 
disturbing activities, cultural resource clearance should be obtained from the 

State Historic Preservation Officer (SHPO). The organization sponsoring the 

activity should contract with an approved archaeologist to conduct a site 
survey. If a survey of the area has been completed previously, a new survey 

may not be required. The survey report should be sent to the SHPO.  

SPECIAL CONSIDERATIONS: The discovery of archaeological sites during the 

course of Federally assisted, permitted, funded, or licensed construction or 
land alteration must be reported to the Interagency Archaeological Service 
OIAS) of the U.S. Department of the Interior. If a previously undiscovered 
site is revealed during the course of construction, the official in charge 
should halt construction and request an on-site assessment by the IAS. The 

IAS will respond within 48 hours with a professional assessment of the 

significance of the site. In consultation with agency officials, the IAS 
"representative makes an on-site decision for (a) salvage, (b) burial, or (c) 

'destruction of the site. The main office of IAS can be contacted at (202) 

272-3750. For more information, see 36 CFR 66.  

The archaeological survey of the area around the processing site revealed 

two historic trash dumps and no archaeological sites. The two historic 

sites are ineligible to the National Register of Historic Places. The borrow 
sites have not been surveyed; undisturbed areas should be surveyed prior to 
surface disturbance.  

SCHEDULE: The SHPO review of archaeological reports involves one to three 
months.
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NOTICE OF INTENT TO CONDUCT A MINING OPERATION

LEGAL CITATION: Utah Code Annotated; Mined Land Reclamation Act of 1975, • 
Ammended 1982

AGENCY/CONTACT:.-"Utah State Division of Oil, Gas, and Mining 
No. 3 Triad Center 
Suite 350 
Salt Lake City, Utah 84180 
ATTN: Lowell Brakston, Administrator, 

Mined Land Reclamation Program 
Frank Files, Reclamation Engineer

(801) 538-5340

PROCEDURE: The mining of the borrow sources will require approval by the 
State of Utah. Application is made by providing information on form MR-i.  
Information to be provided consists of the following: 

(1) Mine name and operator.  
(2) Name and address of applicant.  
(3) Location of mine.  
(4) Name and address of surface owner.  
(5) Name and address of mineral owner.  
(6) Mine plans and maps including contour features, locations of 

disposal and stockpile areas, drainage patterns of land affected, 
highways and facilities near site, and known drill holes.  

(7) Amount of acreage to be disturbed - including access and haul 
routes.  

(8) Description of mining sequence.  
(9) Estimated duration of mining operation.  

(10) Construction and maintenance of access roads.  
(11) Prior land use.  
(12) Description of soils and their stockpiling.  
(13) Description of methods to minimize hazards to public safety.  
(14) Grading and revegetation.  
(15) Description of impoundments.  
(16) Reclamation schedule.

SPECIAL CONSIDERATIONS: The state will 
bonding would be required and there is 
few stipulations on the permit, such as 
the mined areas.

simplify the process in this case. No 
no application fee. They will place a 
leaving 2:1 slopes and revegetation of

SCHEDULE: 30 days.
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WASTEWATER TREATMENT FACILITY CONSTRUCTION PERMIT

LEGAL CITATION: Utah Code Annotated 26-15-45 and 73-14-1 through 13.  
Wastewater Disposal Regulation, Parts I through VII.

AGENCY/CONTACT:. Utah State Department of Health 
Division of Environmental Health 
Bureau of Water Pollution Control 
P.O. Box 16690 
Salt Lake City, UT 84116-0690 
ATTN: Steven McNeal 

Environmental Engineer
(801) 538-6146

PROCEDURE: The Construction Permit is required prior to construction of 
wastewater treatment works, or the discharge of wastewater. Application is 
made by submitting complete construction plans and specifications in the form 
of an engineer's report which shall include: 

(1) A brief description of the project.  

(2) A description of the location and topography of the site.  

(3) Volume and character of wastewater flow in various seasons.  

* (4) A brief description of the extent of existing and proposed sewers 
and sewage treatment facilities in the area.  

(5) A description of the treatment plant site, including: 
- Distances to residences and commercial deveopment areas.  
- Topography and layout of proposed facilities.  
- Flood potential.  

(6) Location of wells and surface waters within one-half mile. Results 
of soil boring to determine surface and subsurface characteristics 
of any proposed pond areas.  

(7) A discussion of the facility design including reasons for the 
selection of the treatment process.  

The Utah Water Pollution Control Committee considers the recommendation 
of the Bureau and approves or denies the Construction Permit application.  

SPECIAL CONSIDERATIONS: The regulations are directed primarily at sewage 
treatment facilities, however, the regulations also apply to industrial 
wastewater treatment. Part II of the regulations contains "Standards of 
Quality for Waters of the State" and Part III contains specifications for 
"Sewers and Waste-Water Treatment Works." 

SCHEDULE: An approved permit is required prior to construction. A 30- to 
60-day review time is needed for permit approval. No public notice is 
required.
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ACTIVITY: AIR QUALITY APPROVAL ORDER 

LEGAL CITATION: Utah Code Annotated 26-15-5 and 26-24-5, 1953 as amended. •.  

Utah Air Conservation Regulations (UACR) Part III, Section 3.1 

AGENCY/CONTACT:- Utah State Department of Health 
Division of Environmental Health 
Bureau of Air Quality 
P.O. Box 16690 
Salt Lake City, UT 84116-0690 
ATTN: Brent Bradford, Director (801) 53B6108 

Montie Keller, Chief 
Compliance Division 

PROCEDURE: A notice of intent to construct, modify, or relocate an installa

tion is submitted to the Executive Secretary of the Utah Air Pollution Control 

Board. The notice of intent is based upon the following information: 

(1) Description and nature of the process(es) and materials handling 

system(s) including a plot plan and process flow chart(s) with a 

narrative walk-through of the process(es).  

(2) Quantities and types of raw materials used (including fuels) and 

production output of each process (normal and maximum pounds/yr).  

Include chemical composition, particle size distribution, formula, 

and moisture content of the materials.  

(3) Chemical composition and physical characteristics of each 

effluent/exhaust stream (e.g., particle size distribution, formula, 

moisture content, molecular weight).  

(4) Effluent/exhaust loading before (if known or estimated) and after 

control equipment/procedure (e.g., grains/dscf, lbs/hr, ppm, 

grams/sec). Must address all pollutants including those from fuel 

combustion operations and from fugitive sources. Special emphasis 

must be given to TSP, SO2 , NOx, CO, 03, and HC (especially VOC).  

(5) Operating schedule (hr/day/yr) for each individual pollution 

point/area. In the absence of a schedule, the state will assume 365 

days/yr, 24 hr/day.  

(6) Known or estimated construction/installation/modification schedule 
(start and end dates).  

(7) Since best available control technology (BACT) is required on 

all sized sources throughout the state and for all types of air 

emissions, including fugitives, provide the rationale for the 

selection of type and efficiency of control equipment and/or 

operational procedures used to minimize emissions. For visible 

emissions, give expected/guaranteed opacities.
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AIR QUALITY APPROVAL (Concluded)

(8) Calculations of emissions (normal and maximum/hr or yr) showing 
emission factors used with rationale and technical justification 
(state reference). For vehicular emissions include combustion of 
fuels. and haul/access/operational area fugitive dusts and vehicle 
miles traveled. For fugitive sources estimate the height of source/ 
height of pile, area of source and/or dimensions; for roadways give 
average moisture and silt content, length, type of surface, and 
location/orientation.  

(9) Type of compliance stack/exhaust testing to be done by applicant to 
show compliance. List/discuss the test points/locations and test 
methods selected.  

After reviewing the notice of intent, the Executive Secretary issues 
an approval order or disapproval order. An approval order authorizes the 
commencement of construction.  

SPECIAL CONSIDERATIONS: BACT includes: 

(1) Use, where possible, of water or chemicals for control of dust in 
the demolition of buildings or structures, construction operations, 
the grading of roads, or the clearing of land.  

(2) Application of asphalt, oil, water, or suitable chemicals on dirt 
roads, material stockpiles, and other surfaces which can give rise 
to airborne dusts.  

(3) Paving and maintenance of roadways.  

(4) Prompt removal of earth or other material from paved streets onto 
which earth or other material has been transported by trucking or 
earthmoving equipment, erosion by water, or other means.  

SCHEDULE: Approval orders are normally issued within 90 days of receipt of 
the notice of intent. The Bureau can grant itself a maximum of three 30-day 
extension periods if the review has not been completed within the initial 90 
days. A copy of the notice of intent to approve or disapprove is sent to the 
applicant and to the directors of Federal, state, or local governing bodies 
that may be affected by the proposed air emissions. A copy of the notice of 
intent to approve or disapprove is also published in a local newspaper. If 
no substantive objections are received within 30 days, a final approval or 
disapproval order is issued.
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PERMIT: APPROVAL OF WELL PLUGGING 

LEGAL CITATION: Water Laws of Utah, UCA 73-5-9; Administrative Rules for-' 
Water Well Drillers, Utah Division of Water Rights, July 1, 
1985 

AGENCY/CONTACT: Utah State Engineer's Office 
Utah Division of Water Rights 
1636 West North Temple 
Salt Lake City, Utah 84116 
ATTN: Robert Morgan, State Engineer (801) 533-6071 

Kent Jones, Distribution Engineer 

PROCEDURE: The State Engineer may require that any well be plugged to prevent 
pollution or contamination of ground water. Prior to plugging wells, the 

State Engineer's Office must be notified to determine the acceptability of 
plugging techniques.  

SPECIAL CONSIDERATIONS: The following procedures shall be implemented when 
sealing monitor wells: 

(1) Temporary Abandonment. When any well is temporarily removed from 
service, the top of the well shall be sealed with a water-tight cap 
or seal. If the well is temporarily abandoned during construction, 
it shall be assumed that the well is permanently abandoned after 90 
days, and a well driller's report will be submitted in compliance 
with Section 4.3 of the Regulations for Water Well Drillers.  

(2) Permanent Abandonment. Any well that is to be permanently abandoned 
shall be filled in a manner so as to prevent the well from being 
a channel allowing the vertical movement of water and a possible 

source of contamination of the groundwater supply.  

(3) Abandonment of Artesian Wells. A cement grout or concrete plug 
shall be placed in the confining stratum overlying the artesian zone 

so as to prevent subsurface leakage from the artesian zone. The 

remainder of the well shall be filled with cement grout, concrete, 
or puddled clay.  

(4) Abandonment of Drilled and Jetted Wells. A cement grout or concrete 
plug shall be placed opposite all perforations or openings in the 
well casing. The remainder of the well shall be filled with cement 
grout, concrete, or puddled clay.  

(5) Abandonment of Gravel Packed Wells. All gravel packed wells shall 
be pressure grouted throughout the perforated section of the well 
casing. The remainder of the well shall be filled with cement 
grout, concrete, or puddled clay.  

(6) Plugged Wells. If it is desired to remove the well casing during 

abandonment, the well shall be plugged as the casing is removed.  
The well shall be plugged with cement grout, concrete, or puddled 
clay. In the case of gravel packed wells, the entire gravel section 
shall be pressure grouted.
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APPROVAL OF WELL PLUGGING (Concluded) 

Failure to diligently comply with the plugging requirements of the State 
Engineer constitutes a separate misdemeanor offense for each day of violation.  

SCHEDULE: None specified.
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PERMIT: CONDITIONAL USE PERMIT 

LEGAL CITATION: Emery County Zoning Ordinances 

AGENCY/CONTACT: Emery County Attorney's Office 
. P.O. Box 1099 

Castle Dale, UT 84513 
ATTN: Mark Tanner, Planner (801) 381-2543 

PROCEDURE: The County will issue a Conditional Use Permit for the use of 

Borrow Site 2. A Conditional Use Permit application is submitted with the 

following information: 

(1) Legal description.  
(2) Purpose.  
(3) Size of project (acres).  
(4) Existing and intended use of property.  
(5) Volume of material to be removed.  

The County will issue requirements of reclamation and quantity limits 

when the permit is approved.  

SPECIAL CONSIDERATIONS: None. An application fee of $100 is required.  

SCHEDULE: Approximately 30 days.
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A.2 CONCLUDING REMARKS

The preceding list of permits is considered to be comprehensive. No 
other issues or permit requirements have been identified which are considered 
relevant to the-current remedial action plan for the Green River tailings site.  

The activities discussed below do not require specific regulatory 
compliance or additional permits if the remedial action plan is modified 
significantly.  

SPILL PREVENTION CONTROL AND COUNTERMEASURES PLAN (SPCC) 

If on-site fuel and oil storage facilities exceed 1320 gallons, or any 
single on-site fuel or oil tank exceeds 660 gallons capacity, the EPA requires 
the operator to prepare an SPCC plan meeting the specifications cited in 
40 CFR 112 and certified by a professional engineer. No permit is required, 
but a copy of the plan must be kept at the fuel storage site and be available 
for review by the EPA in the event of a spill or general inspection.  

MONITOR WELL DRILLING 

No formal permits are required from the Utah State Engineer's Office 
(SEO). The wells should be drilled by a Utah licensed well driller. In 
addition, location and depth information should be provided to the SEO upon 
completion of drilling.  

"•-'• OPEN BURNING PERMIT 

Burning between October 31 and May 1 is allowed without a permit. Burning 
during the remaining months requires a permit to be issued by the Grand County 
Planning Commission.
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APPENDIX B

RADON BARRIER DESIGN 

The infiltration/radon barrier design will be confirmed or revised during 
construction of the disposal cell after the source term for all of the layers 
of contaminated materials have been positively identified. Specifications for 
the current infiltration/radon barrier design are found in section 2200 and 
the related drawings in Appendix F, Final Design. The original calculations 
determined that a 12-inch-thick minimum required radon barrier would be ade
quate to control radon flux to meet the U.S. Environmental Protection Agency 
standards (40 CFR 192). The current radon barrier of 36 inches is conserva
tive because the final source term and quantities are not expected to increase 
to the extent that more than 36 inches of radon barrier would be needed.
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C.1 INTRODUCTION

The Uranium Mill Tailings Radiation Control Act of 1978 (PL95-604) gave 
the responsibility of developing standards for remedial action to the U.S.  
Environmental Protection Agency (EPA). Section 108 of PL95-604 states that 
the U.S. Department of Energy (DOE) shall "select and perform remedial actions 
at the designated processing sites and disposal sites in accordance with the 
general standards" prescribed by the EPA. The EPA standards state: 

"Section 108 of the Act requires the Secretary of Energy to select and 
perform remedial actions with the concurrence of the Nuclear Regulatory 
Commission and the full participation of any State that pays part of the 
cost, and in consultation, as appropriate, with affected Indian Tribes 
and the Secretary of the Interior. These parties, in their respective 
roles under Section 108, are referred to hereafter as 'the implementing 
agencies.' 

The implementing agencies shall establish methods and procedures to 
provide 'reasonable assurance' that the provisions of Subparts A and B 
are satisfied. This should be done primarily through use of analytical 
models, in the case of Subpart A, and for Subpart B through measurements 
performed within the accuracy of currently available types of field and 
sampling procedures. These methods and procedures may be varied to suit 
conditions at specific sites." 

Subpart B consists of standards for cleanup of land and buildings. The 
standards applicable to the project are: 

"Remedial actions shall be conducted so as to provide reasonable assur
ance that, as a result of residual radioactive materials from ana 
designated processing site: 

A. the concentration of Radium-226 in land averaged over an area of 100 
square meters shall not exceed the background level by more than -

(1) 5 pCi/g, averaged over the first 15 cm of soil below the surface, 
and 

(2) 15 pCi/g, averaged over 15-cm-thick layers of soil more than 

15 cm below the surface.  

B. in any occupied or habitable building -

(1) the objective of remedial action shall be, and reasonable effort 
shall be made to achieve, an annual average (or equivalent) 
radon decay product concentration (including background) not to 
exceed 0.02 WL. In any case, the radon decay product concentra
tion (including background) shall not exceed 0.03 WL, and 

(2) the level of gamma radiation shall not exceed the background 
level by more than 20 microR/h."
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In addition to the EPA standards for buildings, removable surface alpha 

contamination shall not exceed those limits stated in the current Uranium Mill 

Tailings Remedial Action (UMTRA) Project Environmental, Health, and Safety • 

Plan. These limits will ensure that potential airborne radionuclide concen

trations will not exceed 10 CFR 20 Appendix B standards and that physical 

contact with the surfaces by occupants of the structures will not result in a 

measurable radiation exposure.  

As indicated earlier, the standards suggest that the implementing agen

cies determine what methods and procedures will be used to provide "reasonable 

assurance" that the standards are met. Reasonable assurance implies that a 

site-specific analysis is appropriate where the cost of demonstrating com

pliance with the standards is to be weighed against the health risks or other 

impacts associated with leaving areas which slightly exceed the standards.  

The sections which follow provide the procedures proposed for use at the 

Green River site. Consideration was given to the time required to collect 

samples and perform the analyses.
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C.2 BASIS FOR RADIOLOGICAL SURVEY STRATEGY

The Green River site consists of a tailings pile, mill and ore storage 
areas, and some areas contaminated by windblown/waterborne tailings. Exca
vation to remove the tailings and off-pile contaminated material to the 
stabilization area will require removal of soil to a depth of several feet 
below grade. The disturbed areas will be restored to a grade that will 
control the drainage. The fill material will be uncontaminated and will 
minimize the potential health effects due to slight residual contamination.  

Clean fill may not be required in some of the excavated areas, and resid
ual contamination may remain exposed at the surface. In those areas where 
backfill after excavation is not required, residual contamination will be 
removed to the 5 pCi/g limit.
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C.3 REMEDIAL ACTION RADIOLOGICAL SURVEY PLAN

Radiological surveys are performed for three purposes: site characteri
zation, excavation control, and final radiological verification. Site charac
terization surveys or pre-remedial action surveys are performed to identify 
volumes of material which exceed the standard. The results are used for 
planning and engineering design. Excavation control monitoring is performed 
as the work is being done to guide and control the amount of contaminated 
material removed. Finally, when excavation control monitoring results indi
cate that there is a high probability that the area meets the standards, a 
final radiological survey is carefully performed and the results documented.  

C.3.1 SITE CHARACTERIZATION SURVEYS 

Field sampling programs conducted by Bendix Field Engineering 
Corporation (BFEC) have been used to identify the subsurface boundary 
of the tailings pile, as well as the depth and area of the former mill 
yards, ore storage, and windblown contaminated areas. Subsurface 
evaluations were performed using gamma well logging techniques and by 
analyzing cores from boreholes. In general, boreholes and surface 
measurements and samples were made on grids ranging from 100 by 100 
feet to 200 by 200 feet. Additional measurements were performed in 
areas of radiological interest. The grid points have been identified 
by a land survey tied to a state plane survey point and all recordable 
data were located by these coordinates.  

Radiometric surveys and sampling were conducted in the buildings 
at the site. Survey grids of 10 feet were established in each build
ing. Additional points were added to ensure that a minimum of four 
samples were taken in each room. Exposure rate and removable and 
nonremovable alpha measurements were made at each grid point. Samples 
of the building foundations and associated subsurface soils were 
analyzed for Ra-226.  

C.3.2 EXCAVATION CONTROL MONITORING 

The purpose of excavation control monitoring is to guide the con
tractor's work through the use of real-time radiological measurements.  
It is designed to ensure that the 5 pCi/g (surface) and 15 pCi/g (sub
surface) standards are met. In addition, it minimizes the possibility 
that material meeting the standards is also excavated. Properly per
formed excavation control monitoring simultaneously ensures that 
neither under-excavation nor over-excavation occurs.  

Excavation will be monitored by qualified technicians relying 
principally on gamma field measurements employing hand-held instruments 
such as gamma-scintillation detectors. This technique will only be 
used where measurements are not seriously impaired by interference from 
nearby tailings deposits. In areas where significant interference
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exists, alternate monitoring techniques will be used. These techniques 
may include use of a shielded probe gamma-scintillation instrument 

(operated in a gross count mode or inr a delta mode) or the immediate 

counting of soil samples. In all cases, these techniques will be 

routinely calibrated by comparison of the field measurements to soil 

samples analyzed in the laboratory and reported on a fully equilibrated 

dry-weight basis. Because the standards are based upon average areas 

of 1O0 m2 , the excavation control monitoring will be performed on 

areas of this characteristic size as well.  

Elevated gamma-ray radiation fields preclude exclusive use of 

in-situ monitoring devices to estimate the surface radionuclide concen

trations in soil on or immediately adjacent to the tailings pile. When 

in-situ measurements cannot be performed, the suggested method for 

analysis is to take individual or composite samples of soil, seal by 

canning, and immediately count the sample by gamma-ray spectrometry.  

Errors associated with this approach will be reduced by taking several 

samples 30 days prior to starting work to determine calibration factors.  

These samples will be counted, then held for subsequent analysis. They 

will be counted later after the Ra-226 daughters reach equilibrium.  

Analyses of these prepared samples can then be compared to standards.  

Several samples will be collected weekly during the remedial action and 

analyzed to provide a measure of the variation of the calibration 

factor.  

C.3.3 BUILDING DECONTAMINATION CONTROL MONITORING 

Four on-site buildings will require decontamination. The typical 

plan requires that in areas of known contamination, as determined by 

the site characterization surveys, measurements will be performed after 

each decontamination effort to assess the effectiveness of the effort.  

For potentially contaminated areas, measurements will be made at a mini

mum of either 100 percent of the area or at approximately 30 locations 

for surface areas of less than 500 square feet. In addition, measure

ments will be made in previously contaminated areas or other areas 

having a high probability of being contaminated.  

C.3.4 FINAL RADIOLOGICAL VERIFICATION SURVEY FOR LAND 

The final radiological survey will be based or, 100 m2 areas, 

with a composite sample used to obtain a measure of the average Ra-226 

concentration in an area. The radium measurement will be reported on a 

dry-weight basis. For measurements based on gamma spectrometry of 

radium daughters, full equilibrium will be assured. It is expected 

that at least preliminary measurement results will be obtained prior to 

backfilling. The error limits for Ra-226 verification measurement tech

niques must be better than plus or minus 30 percent, at the 95 percent 

confidence level.
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The average Ra-226 concentration on each 100 m2 area which is 
surveyed will be determined by a composite sample composed of nine 
15-cm-deep samples of approximately equal mass taken on a uniform 
spacing over the survey area. Other sampling protocols may be used if 
shown to adequately characterize the mean concentration and if approved 
in advance by the UMTRA Project Office.  

C.3.5 FINAL RADIOLOGICAL VERIFICATION SURVEY FOR BUILDINGS 

Four on-site buildings at Green River will require radiological 
verification. The typical plan requires that gamma surveys will be 
conducted using an instrument capable of detecting two microR/h above 
background. Buildings will be scanned while holding the instrument at 
three feet above the floor. Maximum, minimum, and average exposure 
rates will be recorded for each room of the buildings. All areas where 
the exposure rates exceed 20 microR/h above background will be noted.  

Alpha detection instruments will be used to monitor surface con
tamination. A grid system will be constructed for each room of a 
structure which has been decontaminated. The grid size will be adjusted 
so that a minimum of 30 grid points will be defined by using grid lines 
not more than 30 feet nor less than three feet apart. Measurements 
will be made at each grid point and other areas of special radiological 
interest such as floor drains or areas that were the most highly con
taminated. Contamination may be averaged over a 10-square-foot area 
and compared with the allowable limits, as provided in Section C.l. In 
cases where the total contamination is greater than the limits for 
removable contamination, measurements for assessing the removable 
contamination levels will be made.  

Radon daughter concentration (ROC) measurements will be conducted 
in areas of the building where previous data indicated elevated radon 
progeny concentrations. An annual average radon daughter concentra
tion will be determined for all structures to assure that they meet the 
standard.
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C.4 DATA AND SAMPLE MANAGEMENT

During the cleanup operations, the Remedial Action Contractor will collect 
data to support excavation control. Data used in declaring an area adequately 
decontaminated -will be documented in a format approved by the UMTRA Project 
Office.  

Site characterization survey data, excavation control data, and the final 
radiological survey data will be collected using procedures and analytical 
methods meeting the requirements of the UMTRA Project Quality Assurance Pro
gram Plan (UMTRA-DOE/AL-400325). All data used in describing the final radio
logical condition of the site, as well as other data as specified by the UMTRA 
Project Office, will be provided in a convenient format. Data generated in 
the remedial action will be presented in a report documenting the final radio
logical condition of the property. Verification samples will be archived 
pending orders for transfer or disposal from the UMTRA Project Office.
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C.5 CERTIFICATION

Certification is a professional judgement by an independent party that 
the remedial action has been completed according to the site-specific Remedial 
Action Plan and meets the applicable standards.  

During the remedial action operations, the Remedial Action Contractor 
will make available to appropriate state agencies, Federal agencies, or UMIRA 
Project-designated contractors data related to the cleanup. In addition, 
samples collected during the cleanup operations may be split for analyses by 
these agencies to allow comparison of analytical results. These data, along 
with any additional data collected at the discretion of the certifying agent, 
will be used in the final certification report.
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D.5 GROUNDWATER HYDROLOGY

D.5.1 INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) has established 
health and environmental protection regulations to correct and prevent 
groundwater contamination resulting from processing activities at inac
tive uranium mill tailings sites (40 CFR 192). The Uranium Mill 
Tailings Radiation Control Act (UMTRCA) of 1978 designated responsibil
ity to the U.S. Department of Energy (DOE) for assessing the tailings 
sites. This assessment includes the following: 

o Definition of hydrogeologic characteristics of the environment, 
including the hydrostratigraphy, aquifer hydraulic parameters, 
areas of aquifer recharge and discharge, potentiometric surface, 
and groundwater velocity.  

o Comparison of existing water quality with background water qual
ity and applicable EPA standards. Some discussion of EPA 
secondary drinking water quality parameters is included to 
define the general quality of the groundwater.  

o Definition of physical and chemical characteristics of the 
potential contaminant source, including concentration and 
leachability in relation to migration of contaminants in 
groundwater and hydraulically connected surface water.  

o Description of water resource use, including availability, 
current and future use, value, and alternative supplies.  

o Evaluation of current impacts to the groundwater system 
resulting from uranium processing activities.  

On January 5, 1983, the EPA promulgated final standards for the 
disposal and cleanup of the inactive uranium processing sites under the 
UMTRCA (48 FR 590). On September 3, 1985, the groundwater provisions 
of the regulations (40 CFR 192.20(a)(2)-(3)) were remanded to the EPA 
by the U.S. Tenth Circuit Court of Appeals. On September 24, 1987, the 
EPA issued proposed groundwater regulations to replace those set aside 
(52 FR 36000). The DOE has commented on the proposed standards.  

Water quality at the Green River tailings site was characterized 
and compared with the EPA's proposed groundwater standards for inactive 
uranium processing sites (Table D.5.1). The constituents listed in 
Table D.5.1 are most commonly associated with uranium mill tailings.  
The numerical concentration limits associated with the constituents 
reflect safe levels for public drinking water and are therefore the 
same as maximum concentration limits (MCLs) for EPA primary drinking 
water standards. Appendix VIII of the EPA's proposed standards includes 
a complete list of hazardous constituents that should be evaluated on a 
site-specific basis. These constituents include both organic and inor
ganic compounds and elements. Section E.3.1.1 of Appendix E contains 
a complete discussion of hazardous constituents that are associated 
with the uranium mill tailings at the Green River site.
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The DOE has characterized conditions at the Green River processing 
site and does not anticipate that any changes to the remedial action 
will be required when the final EPA standards are issued. Upon issuanc 
of these standards, the DOE will reevaluate the groundwater protectio•_
plan and determine the need for institutional controls on the public 
use of groundwater at the site, aquifer restoration, or other measures, 
and take appropriate action to comply with the final standards.  

The following sections present details of the hydrogeologic charac
terization at the Green River site. Appendix E presents an assessment 
of future impacts to the groundwater system resulting from the proposed 
remedial actions, and a strategy for protecting water resources at the 
Green River site. Figures and tables are presented at the end of the 
text for ease in reading.  

D.5.2 SITE CHARACTERIZATION SUMMARY 

D.5.2.1 Summary 

To comply with EPA standards for remedial actions at 
inactive uranium processing sites (40 CFR 192), the DOE has 
characterized the hydrogeology, water quality, and water 
resources at the Green River, Utah, designated site. Major 
points are summarized below, followed by a detailed discussion 
of the site characterization.  

o Four distinct hydrostratigraphic units occur within 
the upper 200 feet of Quaternary and Cretaceous sedi 
ments beneath the site. In decending order these are:__-• 
(1) Brown's Wash alluvium (top hydrostratigraphic 
unit); (2) shale and limestone of the Cedar Mountain 
Formation (upper-middle hydrostratigraphic unit); 
(3) sandstone, siltstone, and conglomerate of the 
Cedar Mountain Formation (lower-middle hydrostrati
graphic unit); and (4) Buckhorn Conglomerate Member of 
the Cedar Mountain Formation. The Dakota Sandstone is 
present in some areas beneath the proposed disposal 
site. These units are underlain by the Jurassic-aged 
Morrison Formation.  

o Average hydraulic Lonductivities of aquifer materials 
range from a low of 1.6 feet per day (ft/day) in the 
upper-middle shale unit to a high of 25.0 ft/day in 
the Brown's Wash alluvium. Average linear groundwater 
velocities range from 0.08 ft/day to 1.14 ft/day in 
the two units, respectively.  

o Groundwater flow in the upper- and lower-middle hydro
stratigraphic units is controlled by connected frac
tures and joints; strong, upward, vertical hydraulic 
gradients; and the attitude (dip) and lateral extent 
of the hydrostratigraphic units. Groundwater flow in 
the Brown's Wash alluvium and the upper-middle shale
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unit, where it lies beneath the alluvium, is also 
controlled by paleo-erosion of the upper-middle unit 
near the present tailings pile by a meandering Brown's 
Wash channel, and by the subsequent deposition of the 
Brown's Wash alluvium.  

o Background groundwater quality in all four hydrostrati
graphic units is characterized by concentrations of 
total dissolved solids (TDS), sulfate, and chloride 
that exceed EPA and state of Utah secondary drinking 
water standards. Groundwater in all four units is 
classified as Class II based on TDS (TDS greater than 
1000 but less than 10,000 milligrams per liter (mg/l)), 
but it may be classified as Class III because of the 
concentrations of selenium, chromium, nitrate, and 
uranium in background samples that exceed proposed EPA 
MCLs for these constituents.  

o Background groundwater quality in the top hydrostrati
graphic unit is characterized by concentrations of 
chromium, molybdenum, nitrate, and selenium that exceed 
proposed EPA MCLs and state of Utah primary drinking 
water standards (except for molybdenum, which does not 
have a Utah standard).  

o Background groundwater quality in the upper-middle 
hydrostratigraphic unit is characterized by concentra
tions of nitrate and selenium that exceed proposed EPA 
MCLs and state of Utah primary drinking water 
standards.  

o Background groundwater quality in the lower-middle 
hydrostratigraphic unit is characterized by concentra
tions of molybdenum, nitrate, selenium, uranium, and 
gross alpha activity that exceed proposed EPA MCLs and 
state of Utah primary drinking water standards (except 
for molybdenum, which does not have a Utah standard).  

o Background groundwater quality in the bottom hydro
stratigraphic unit is characterized by concentrations 
of chromium, molybdenum, and selenium that exceed 
proposed EPA MCLs and state of Utah primary drinking 
water standards (except for molybdenum, which does not 
have a Utah standard).  

o Contamination by tailings seepage is limited to the 
Brown's Wash alluvium and the upper-middle shale unit 
of the Cedar Mountain Formation beneath the present 
tailings pile. Major contaminants introduced by tail
ings seepage to these units include: molybdenum, 
nitrate (chemically reduced, in part due to ammonium), 
selenium, uranium, and gross alpha activity.
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o The tailings seepage has been neutralized by the 
alluvium and shale bedrock beneath the tailings (the 
pH of the groundwater is near 7.0). Uranium concen 
trations in the alluvium and shale have not exceedeuc-• 
3.11 mg/l in any of the wells, while concentrations in 
the tailings pore water (lysimeter samples) have been 
measured as high as 675 mg/l. Dilution by groundwater 
underflow and attenuation, probably as cation exchange 
in the alluvium and precipitation in the shale, have 
significantly lowered uranium concentrations, as well 
as other seepage contaminants, to well below the rela
tively high concentrations found in the tailings pore 
water.  

D.5.2.2 Previous investigations 

Bibliographies (ONWI, 1985; USGS, 1971-1985, 1972, 1964; 
La Pray and Hamblin, 1980; Buss and Geoltz, 1974; Childers and 
Smith, 1970; Buss, 1951) were reviewed to identify geological, 
hydrological, and hydrogeological investigations of the Green 
River site and vicinity. A number of regional studies (USGS, 
1964; Howard and Love, 1945; Waring and Knechtel, 1936; 
Reeside, 1930, 1923; La Rue, 1916) were identified; however, 
much of the information contained in these reports is either 
outdated or not sufficient to aid in characterizing the hydro
geology of the site.  

Five reconnaissance studies of the Paradox Basin, whicl 
contains the Green River site, were conducted as part of a-' 

program to evaluate the potential for storage of nuclear waste 
in salt deposits (Weir et al., 1983); one of these studies 
(Rush et al., 1982) included the area of the Green River 
tailings site.  

A one-time sampling effort at the Green River tailings 
site was conducted by Geochemistry and Environmental Chemistry 
Research, Inc. (GECR, 1983). Data from this report are from 
sampling and analyses of groundwater and surface water from 
background areas, the area adjacent to the site, and the site.  
Soils samples were collected and archived, and have not been 
analyzed. Because of questionable quality assurance and con
trol on the water sample analyses from the GECR report, the 
data were not used for analyses in this report.  

An unpublished report by the DOE (1983) on the Green River 
site contains the results of drilling, groundwater sampling, 
and aquifer hydraulic testing of eight monitor wells; surface 
water sampling of Brown's Wash adjacent to and downstream of 
the site; and climatological data for the vicinity. Some of 
the data from the DOE (1983) report were used in this report.  
An engineering assessment (FBDU, 1981) includes site informa
tion as well as a summary of the milling operations and a 
history of the Green River site.
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Hydrogeological data, Including borehole logs, well 
completion records, groundwater elevations, aquifer hydraulic 
parameters, and water quality data, were collected at the Green 
River tailings site by the DOE during three drilling and test
ing phases from the fall of 1985 to the fall of 1987. Much of 
this information was included in an environmental assessment 
of the Green River tailings site (DOE, 1988a). All field 
and laboratory procedures and calculations were performed in 
accordance with the DOE's Standard Operating Procedures as 
contained in the Albuquerque Operations Manual (DOE, 1985).  

Five two-inch diameter polyvinyl chloride (PVC) monitor 
wells, 28 four-inch diameter PVC monitor wells, and three 
two-inch diameter, low-carbon, galvanized steel well points 
were installed to characterize the Green River tailings and 
proposed disposal sites. The depths of these installations 
range from seven to 185 feet. Twelve exploratory geotechnical 
boreholes were also drilled, and ranged in depth from 16.5 to 
32.5 feet. Lithologic logs were obtained from these boreholes 
prior to their abandonment by grouting and bentonite sealing 
from total depth to land surface. In addition, three suction 
lysimeters were installed in the unsaturated zone within the 
present tailings pile to characterize the pore water within 
the tailings. Since their installation, only one lysimeter 
has worked sufficiently to obtain samples. The locations of 
all monitor wells, lysimeters, abandoned boreholes, test pits, 
and surface water sampling sites included in this investigation 
are shown in Figure D.5.1. Following installation and develop
ment of the monitor wells, slug injection/withdrawal tests and 
short-duration (less than 25 hours) pumping drawdown/recovery 
tests were performed to estimate the hydraulic properties of 
the aquifer materials within the screened zones of the wells.  
The monitor wells were surveyed and static groundwater eleva
tions in the wells were measured to determine vertical and 
horizontal hydraulic gradients and directions of groundwater 
flow. Table D.5.2 summarizes monitor well information for the 
Green River tailings site.  

D.5.2.3 Geology and hydrostratigraphy 

The Green River site is in east-central Utah on the nose 
of a shallow, northward plunging anticline that is repeated by 
the arcuate east-northeast to west-northwest trending Little 
Grand Wash fault, which lies three miles to the south of the 
site. Bedrock exposed at the surface in the site area consists 
of sedimentary units of Cretaceous and Jurassic age. Rock 
units lying beneath the surface range in age from Jurassic to 
Pennsylvanian and, at depth, include the salt- and gypsum
bearing Paradox Member of the Pennsylvanian Hermosa Formation.  

In descending sequence, the geologic units within 200 feet 
of the surface in the Green River site area are as follows:
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o Brown's Wash alluvium beneath the present tailings 
pile, and alluvial terrace deposits beneath the pro-
posed disposal site (Quaternary age).  

o Tununk Shale Member of the Mancos Shale (Cretaceous 

age).  

o Dakota Sandstone (Cretaceous age).  

o Cedar Mountain Formation (Cretaceous age).  

The Brown's Wash alluvium consists of a mixture of silt, 
sand, gravel, and some small cobbles. The alluvium is limited 
to an area that extends 300 to 400 feet on either side of 
Brown's Wash, and varies in thickness from zero to 35 feet.  
The tailings pile directly overlies the Brown's Wash alluvium.  
The terrace deposits consist mostly of silt and sand and are 
approximately 20 feet thick in the vicinity of the proposed 
disposal site.  

The Tununk Shale Member of the Mancos Shale consists of 
carbonaceous shale interbedded with thin beds of sandstone.  
It subcrops beneath the Brown's Wash alluvium in the eastern 
half of the site but is mostly eroded away by the channel of 
Brown's Wash in the western half of the site area. This unit 
is exposed in the east-central section of the site, and forms 
the bluff at the south end of the existing tailings pile.  
This shale unit forms a wedge that thins toward the south and 
disappears completely between the tailings pile and thf 
proposed disposal site. South of the tailings pile, the.-• 
Tununk Shale is between zero and 25 feet thick.  

In the site area, the Dakota Sandstone consists of frac
tured to unfractured, weathered to fresh sandstone, shale, and 
conglomerate. It rests unconformably on top of the Cedar 
Mountain Formation. This unit varies from zero to 10 feet 
thick and extends both east and west of the tailings and 
disposal sites. The Dakota lies between unconformable con
tacts with either the Mancos Shale, the Brown's Wash alluvium, 
or the alluvial terrace deposits (top contact), and the Cedar 
Mountain Formation (bottom contact). Where it has not been 
eroded away, the shale and dense, well-cemented sandstone, and 
conglomerate of the Dakota Sandstone are either not saturated 
or only partly saturated beneath the tailings pile.  

The Cedar Mountain Formation consists of mudstone, shale, 
limestone, sandstone, conglomerate, and occasional interbedded 
coal. The Cedar Mountain Formation lies unconformably beneath 
the Dakota Sandstone and in the site area is at least 150 feet 
thick. Lithologic units within the Dakota Sandstone and Mancos 
Shale can be distinguished from units within the Cedar Mountain
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Formation by visual inspection. The Dakota and Mancos sand
stones and shales are generally black (shale) to light tan 
(sandstone); units within the Cedar Mountain are generally 
shades of gray to maroon in color. Fractured and unfractured 
sandstone, sandstone conglomerates, and fractured shales or 
limestones within the Cedar Mountain Formation are the primary 
water-bearing units.  

Figure D.5.1 shows the locations of cross sections (Fig
ures D.5.2 through D.5.6) that show the hydrostratigraphy at 
the Green River tailings site. Figure D.5.7 is a fence diagram 
of the Green River site. The surface topography shown on the 
cross sections and fence diagram was developed from a topogra
phic survey of the site. Subsurface lithologic data were 
obtained from borehole logs, visual inspection of rock core, 
and correlation of subsurface data with surface geology.  

Hydrological investigations have shown that horizontal 
and vertical fracturing occurs in the Dakota Sandstone and 
Cedar Mountain Formation beneath the proposed disposal site.  
Core samples from monitor wells 562, 807, 812, 813, 814, 816, 
and 818 at the disposal site (see Figure D.5.1) show that 
vertical and near-vertical fractures exist in the bedrock and 
start at the top of the bedrock section. Fracturing is uniform 
and consistent through the Cedar Mountain Formation at least 
in the upper 60 feet of bedrock. The degree of fracturing 
varies from moderate to intense and is typical of the frac
turing observed in outcrops of the Cedar Mountain Formation in 
the vicinity of the disposal site. Fracturing of the bedrock 
beneath the present tailings pile is variable. The flowing 
monitor- well (581), completed in the sandstone unit beneath 
the pile, is evidence that the confining unit for the sand
stone unit at this location (the overlying shale) must be 
relatively impermeable. Evidence (aquifer hydraulic conduc
tivities and water levels) suggests that joints, fractures, or 
minor faulting may be controlling groundwater flow in the 
shallow bedrock approximately along the alignment of Brown's 
Wash.  

Within the upper 200 feet of Quaternary and Cretaceous 
sediments, four distinct water-bearing units were defined at 
the Green River tailings -site. These units are described as 
follows: 

o The top hydrostratigraphic unit is the Brown's Wash 
alluvium. Groundwater in this unit is locally perched 
by the dense, well-cemented sandstone conglomerate of 
the Dakota Sandstone and the shale and limestone of the 
Cedar Mountain Formation (where these bedrock units are 
not fractured). Directly beneath the tailings pile, a 
paleochannel of Brown's Wash has eroded away the Dakota 
Sandstone, and the Brown's Wash alluvium directly over
lies shale of the Cedar Mountain Formation.
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o The upper-middle hydrostratigraphic unit is the alter
nating layers of shale, limestone, and mudstone of the 
Cedar Mountain Formation.  

o The lower-middle hydrostratigraphic unit is a rela

tively thick, but laterally limited, sandstone of the 
Cedar Mountain Formation. The unit intertongues with 
the upper-middle unit and is beneath the present tail
ings pile and the proposed disposal site.  

o The bottom hydrostratigraphic unit is the Buckhorn 
Conglomerate Member of the Cedar Mountain Formation.  
This basal sandstone and sandstone conglomerate unit 
is 15 to 25 feet thick beneath the site area and is 
confined by overlying shale and mudstone.  

Neither the lower-middle or bottom hydrostratigraphic 
units have been adversely affected by seepage through the pre
sent tailings pile. The lower-middle unit subcrops beneath 
the proposed disposal site and is therefore a potentially 
affected unit; the bottom unit is protected from any current 
or future contamination by strong, vertically upward hydraulic 
gradients and a thick, low-hydraulic-conductivity shale that 
overlies this unit. The following sections present more 
detailed discussions about the hydraulic characteristics and 
flow of groundwater within these units.  

D.5.2.4 Hydraulic characteristics 

A summary of the hydraulic characteristics of the top, 
upper-middle, lower-middle, and bottom hydrostratigraphic 
units is presented in Table D.5.3. A number of methods were 
used to calculate values of hydraulic conductivity for the 
units. The methods of analyses include the following: 

o Ferris-Knowles slug test analysis (Ferris and Knowles, 
1963).  

o Cooper, Bredehoeft, and Papadopulos slug test analysis 
(Cooper et al., 1967).  

o Bouwer-Rice slug test analysis (Bouwer and Rice, 1967).  

o Pumping drawdown analyses.  

o Pumping recovery analyses.  

Slug test data from monitor wells 561, 581, 582, 583, 584, 
585, 586, 587, 588, 701, 704, 707, 806, 807, 811, 813, 815, and 
818 were analyzed by the Ferris-Knowles method. This method 
is best suited for fully developed wells that are open to the 
full thickness of an artesian aquifer of small to moderate
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transmissivity (less than 50,000 gallons per day per foot 
(gpd/ft)); it is also suited to some unconfined aquifers 
(Ferris and Knowles, 1963). The Ferris-Knowles equation is as 
follows: 

k q(l/t) 41rsL 

where 

k = hydraulic conductivity (ft/day).  

q = slugged volume (cubic ft).  

t = time (days).  

s = residual drawdown at time ts (ft).  

L = length of interval being tested (ft).  

The values of I/t and s are obtained from a straight-line 
fit through the plotted data points. These data are available 
from the Albuquerque UMTRA Project Office, Albuquerque, New 
Mexico.  

Slug test data from monitor wells 561, 582, 583, 584, 
585, 586, 587, 588, 701, 704, 707, 806, 807, 811, 813, 815, 
and 818 were analyzed using the Cooper, Bredehoeft, and 
Papadopulos (Cooper et al., 1967) method, which has require
ments similar to the Ferris-Knowles method, and is as follows: 

2 
k r 

tL 

where 

k = hydraulic conductivity (ft/day).  

r = radius of well casing (ft).  

t = time for point in "matched-type curve" (days)...  

L = length of interval being tested (ft).  

The value t is obtained by matching data points of residual 
drawdown versus time (log scale) to a "type curve" referenced 
by Cooper, Bredehoeft, and Papadopulos (Lohman, 1972).  

Short-duration aquifer pumping tests were analyzed from 
monitor wells 581, 582, 586, 587, 588, and 813 by the single
well pumping drawdown or recovery method, formally recognized 
as the modified Theis nonequilibrium formula (Freeze and 
Cherry, 1979). The pumping drawdown or recovery formula is as 
follows:
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k 264q 
sL 

where 

k = hydraulic conductivity (gpd/ft2).  

q = average pumping rate for the duration of the test 
(gpm).  

s = drawdown per one log cycle (ft).  

L = length of interval being tested (ft).  

An aquifer pumping drawdown test was conducted on alluvial 
well 702 (DOE, 1983). Also, slug tests were performed and 
analyzed from monitor wells 701, 702, 704, 705, 706, and 707 
using the Bouwer-Rice method (DOE, 1983).  

Assumptions inherent in the analyses of the aquifer 
hydraulic test data, regardless of the method of analysis, are 
as follows: 

o The unit being tested is homogeneous and isotropic.  

o The radius of the well is small in comparison to the 
extent of the aquifer.  

o The removal of the slug and the development of initial., 
residual drawdown are instantaneous.  

o The influence of the filter pack is negligible.  

To obtain the average hydraulic conductivity values 
listed in Table D.5.3, values from each analysis were summed 
and an arithmetic mean was calculated. Wells 701, 704, and 
707 were tested in 1983 and 1986. Alluvial wells 702, 705, 
and 706 were only tested in 1983. All other wells listed in 
Table 0.5.3 were tested in 1986 and 1987.  

Average linear velocities listed in Table D.5.3 were cal
culated as follows (Freeze and Cherry, 1979): 

ki v= n 

where 

v = average linear velocity (ft/day).  

k = average saturated hydraulic conductivity (ft/day).  

i = average hydraulic gradient (ft/ft).  

n : assumed porosity of aquifer material (dimensionless).
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The saturated hydraulic conductivity of the unfractured 
bedrock of the Cedar Mountain Formation was measured by the 
triaxial backpressure falling head method (Table 0.5.4). The 
measured conductivity is low, ranging from 2.4 x 10-8 centi
meters per second (cm/s) to 2.4 x 10-11 cm/s. These values 
indicate that flow of groundwater in the bedrock is controlled 
by interconnected fractures and joints.  

More detailed discussions of the hydraulic characteristics 
of the four hydrostratigraphic units are presented in the 
following sections. Table D.5.5 presents static groundwater 
elevations in the monitor wells for four sampling periods: 
June, 1986; September, 1986; March, 1987; and October, 1987.  

0.5.2.5 Groundwater flow 

Top hydrostratigraphic unit 

Shallow, unconfined groundwater is present in Brown's 
Wash alluvium beneath the present tailings pile. The occur
rence of this shallow groundwater is limited by the lateral 
extent of the alluvium. The top unit is a maximum of 600 feet 
wide near the tailings pile. Monitor wells 702, 704, 705, 
706, 707, 708, 808, and well points 563, 564, and 821 are 
completed in this unit.  

A water table contour map of the top hydrostratigraphic 
unit is presented in Figure D.5.8. This contour map was 
developed from water level data and the surveyed elevations of 
the wells in October, 1987 (see Table D.5.5). The depth to 
groundwater ranges from nine to 17 feet below the surface in 
the top unit. The hydraulic gradient within the top unit 
ranges from 0.0029 ft/ft near monitor well 707 to 0.0125 ft/ft 
near monitor wells 702 and 808.  

Table D.5.6 presents a summary of aquifer hydraulic 
characteristics for the top hydrostratigraphic unit. The 
calculated geometric mean linear velocity of groundwater in 
the top unit is 1.14 ft/day. Groundwater in the top unit is 
recharged by flow from the upper-middle shale unit from the 
south, and by infiltration of surface runoff and precipitation 
in the channel of Brown's Wash. Groundwater discharges from 
Brown's Wash alluvium into the channel of Brown's Wash at a 
point west of the tailings pile where the site access bridge 
crosses Brown's Wash (see Figure D.5.1). From this point west 
to the Green River, the Dakota Sandstone and Cedar Mountain 
Formation inhibit the downward movement of water in the chan
nel; however, a portion of this water likely infiltrates into 
the bedrock, especially where fractures are present. Water 
that flows west in the channel eventually mixes with backwater 
from the Green River (at surface-water sampling site 526, 
shown on Figure D.5.1). Groundwater also discharges from the 
Brown's Wash alluvium into the underlying upper-middle shale
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unit of the Cedar Mountain Formation, to the atmosphere as 
evaporation, and to the tamarisk vegetation that lines thr 
channel of Brown's Wash. The DOE (1988a) measured the bas 
flow in Brown's Wash channel in November, 1985, at 2.3 gallons-> 
per minute (gpm). The measurement was made immediately west 
of the access bridge to the site near well point 564 (see 
Figure D.5.1). The remainder of the shallow alluvial ground
water from beneath the present tailings pile is lost to evapo
transpiration and vertical downward leakage into the Cedar 
Mountain Formation. Since well points 564 and 821 and monitor 
well 706 are dry (see Figure D.5.1), very little flow is 
assumed to move downgradient to the alluvium west of monitor 
wells 706.  

The groundwater flux through the top hydrostratigraphic 
unit beneath the present tailings pile can be estimated by 
using Darcy's Law (Todd, 1980) as follows: 

Q = WDki 

where 

Q = groundwater flux (ft 3 /day).  

W = saturated width of aquifer perpendicular to ground
water flow beneath the tailings..  

D = saturated height of aquifer beneath the tailings (ft).  

k = saturated hydraulic conductivity of the alluviuni-' 
(ft/yr).  

i = hydraulic gradient (ft/ft).  

To calculate the groundwater flux in the alluvium beneath 
the tailings, the projected area perpendicular to the flow was 
divided into three areas represented by monitor wells 702 and 
808 for the eastern area; monitor well 704 for the middle area; 
and monitor well 705 for the western area. The groundwater 
flux for each of these areas and the total flux in the alluvium 
beneath the tailings is summarized in Table D.5.7. The total 
flux is estimated to be 9.9 gpm beneath the tailings.  

Upoer-middle hydrostratigraphic unit 

Confined and semiconfined groundwater is present in the 
upper-middle unit beneath the Green River tailings site. This 
unit consists mostly of limestone and shale of the Cedar Moun
tain Formation. Beneath the tailings and the proposed disposal 
site, the upper-middle unit is separated into two units by a 
sandstone and conglomerate channel deposit. To the west and 
east of the tailings and proposed disposal site this sandstone
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and conglomerate is not present or intertongues as thin layers 
with the upper-middle shale unit (see Figures 0.5.2, D.5.3, 
and D.5.4).  

Beneath the proposed disposal site, fracturing occurs in 
the upper- and lower-middle units. A total of six core holes 
were drilled beneath and peripheral to the proposed disposal 
site. Core from'all of these holes shows moderate to intense 
vertical and horizontal fracturing and fractures extending from 
the upper-middle unit down into the lower-middle unit (DOE, 
1987a). Monitor wells completed in the upper-middle unit 
include 583, 584, 585, 701, 806, 807 (completed below the 
sandstone and conglomerate channel deposit), 809, 810, 812, 
814, 816, 822, and 823. Monitor wells 812, 814, 816, 822, 
and 823 were installed at the disposal site; only well 816 
encountered groundwater (at a depth of 60 feet). Depth to 
groundwater in the upper-middle unit beneath the tailings 
surface is about 26 feet at monitor well 701.  

A potentiometric contour map of the upper-middle hydro
stratigraphic unit is presented in Figure D.5.9. This contour 
map was developed from water level data and the surveyed water 
elevations in the wells in October, 1987 (see Table D.5.5).  
The hydraulic gradient within the upper-middle hydrostratigra
r4hic unit ranges from 0.0063 to 0.0083 ft/ft. Groundwater flux 
in the upper-middle unit is controlled by fractures, joints, 
or minor faulting, which is most evident in the vicinity of 
the tailings pile. A "trough" is present in the potentiometric 
surface, which trends east-west and is just south of the chan
nel of Brown's Wash (see Figure D.5.9). Groundwater flux in 
the upper-middle unit is also controlled by vertical recharge 
from the overlying alluvial aquifer and the underlying 
lower-middle unit.  

Table D.5.8 presents a summary of aquifer hydraulic char
acteristics for the upper-middle unit. The calculated average 
linear velocity of groundwater in the upper-middle unit ranges 
between 0.01 and 0.71 ft/day; the geometric mean velocity is 
0.08 ft/day. Groundwater flux through the upper-middle unit 
beneath the present tailings pile was calculated based on the 
calculated hydraulic conductivities and water levels from moni
tor wells 584 and 701. The method for calculating groundwater 
flux was the same as that used to calculate flux through the 
top hydrostratigraphic unit. The total flux is estimated to 
be 4.9 gpm beneath the tailings in the upper-middle unit 
(Table D.5.9).  

Lower-middle hydrostratigraphic unit 

The lower-middle hydrostratigraphic unit is the sandstone 
and conglomerate channel deposit within the upper-middle geo
logic unit of the Cedar Mountain Formation. This unit is a 
maximum of 30 feet thick and is confined in the area of the
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present tailings pile by overlying shales and limestones of the 
upper-middle unit. The lower-middle unit does not appear tv 
be present, or it intertongues as thin lenses with the lime 
stone and shale, east and west of the tailings (see Figure•-' 
D.5.2, 0.5.3, and D.5.4). Monitor well 581 is drilled and 
completed in this unit beneath the tailings, and it flows at 
the surface. Monitor wells 561 and 562 are screened in both 
the upper-middle and lower-middle units and data collected 
from these wells may not represent actual conditions in either 
unit. However, monitor well 562 is completed beneath the pro
posed disposal site and well 561 is west of the disposal site; 
because of the fracturing present in the upper-middle and 
lower-middle units at the disposal site, these two units are 
probably somewhat hydraulically connected, and the screened 
intervals in monitor wells 561 and 562 probably include the 
zone of hydraulic connection. Other monitor wells drilled and 
completed in the lower-middle unit include 811, 813, and 815.  
Background monitor well 811, east of the tailings pile near 
Brown's Wash (see Figure D.5.1), encountered only thin, sepa
rated lenses of sandstone that are probably of the lower
middle unit.  

A potentiometric contour map of the lower-middle unit is 
presented in Figure D.5.10. This map was developed from water 
level data for October 1987 (See Table D.T14) and the surveyed 
elevations of the monitor wells. The potentiometric surface 
in the lower middle unit is two to three feet above the sur
face of the tailings at monitor well 581. The depth to water 
in this unit is approximately 60 feet at the proposed disposa' 
site. The hydraulic gradient within the lower-middle unit--' 
ranges from 0.0083 to 0.025 ft/ft.  

The flow of groundwater in the lower-middle unit is 
strongly influenced by the attitude (dip) of the unit, its 
limited lateral extent to the east and west, and its recharge 
by underlying aquifers. Rock cores from monitor wells 562, 
807, and 813 indicate this unit is fractured and is probably 
hydraulically connected with the overlying upper-middle shale 
unit beneath the proposed disposal site; however, the lower
middle unit is confined by the shale beneath-the present tail
ings. Additionally, monitor well 581, which is drilled and 
completed in the lower-middle unit, flows at the 'surface. The 
strong, vertically upward hydraulic gradient between the upper
middle and lower-middle units' beneath the tailings pile has 
prevented any tailings seepage from moving into the lower
middle unit.  

Table D.5.10 presents a summary of aquifer hydraulic 
characteristics for the lower-middle hydrostratigraphic unit.  
The calculated average linear velocity of groundwater in the 
lower-middle unit ranges between 0.02 and 2.7 ft/day; the 
geometric mean is 0.14 ft/day. Groundwater flux through the 
lower-middle unit beneath the tailings was not calculated 
since this unit has not been affected by tailings seepage.
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Bottom hvdrostratieraDhic unit

The Buckhorn Conglomerate Member of the Cedar Mountain 
Formation has been defined as the bottom hydrostratigraphic 
unit. Confined groundwater is present beneath the tailings 
site vicinity in this unit. The unit is 15 to 25 feet thick 
in the site vicinity and is confined by the maroon to gray
blue shales and mudstones that separate the bottom unit from 
the overlying hydrostratigraphic units. Monitor wells 582 and 
819, drilled and completed near Brown's Wash west of the tail
ings, flow at the surface. The other monitor wells completed 
in this formation (586, 587, 588, and 818) do not flow because 
they are at a higher elevation than the flowing wells. Monitor 
well 817, located east of the tailings near Brown's Wash (see 
Figure D.5.1), was thought to be drilled and completed in the 
bottom unit. Detailed analyses and comparison with other well 
data showed that well 817 is probably screened somewhere below 
the lower-middle unit (see Figure D.5.3). Because of the 
uncertainty associated with the completion of monitor well 817, 
data from the well have not been included in hydrogeologic 
analyses of any of the units.  

A potentiometric contour map of the bottom unit is pre
sented in Figure D.5.11. This contour map was developed from 
water level data for October 1987 (see Table D.5.4) and the 
surveyed elevations of the monitor wells. The potentiometric 
surface in the bottom unit is five to 14 feet above land sur
face in the vicinity of the present tailings, and 56 to 71 feet 
below land surface in the vicinity of the proposed disposal 
site. The hydraulic gradient within the bottom unit ranges 
from 0.040 to 0.044 ft/ft.  

Table D.5.11 presents a summary of aquifer hydraulic 
characteristics for the bottom unit. The calculated average 
linear velocity of groundwater in the bottom unit ranges 
from 0.072 to 0.17 ft/day; the geometric mean is 0.12 ft/day.  
Groundwater flux through the bottom unit beneath the tailings 
was not calculated since tailings seepage has not affected 
this unit. Because of overlying confining layers and strong, 
vertically upward hydraulic gradients between the bottom unit 
and the two presently contaminated units, the bottom unit will 
not become contaminated from tailings seepage.  

Vertical hydraulic gradients 

Strong, vertically upward hydraulic gradients exist 
between the bedrock units in the vicinity of the Green River 
tailings site. These gradients have prevented the downward 
movement of tailings seepage into the lower-middle and bottom 
hydrostratigraphic units beneath the present tailings pile.  
Beneath the proposed disposal site these gradients may limit 
the amount of mixing of any tailings seepage (as a result of
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the proposed remedial action) between the upper-middle and 
lower-middle units. Additionally, the strong gradients will 
restrict the movement of any tailings seepage into the bottc 
unit. Tables D.5.12 and D.5.13 summarize the vertica,---' 
hydraulic gradients at the present tailings site and the 
proposed disposal site, respectively.  

D.5.2.6 Background groundwater quality 

Background groundwater quality in the four hydrostrati
graphic units at the Green River site was determined for the 
following constituents listed in the proposed EPA standards 
(40 CFR 192): chromium; molybdenum; nitrate; selenium; radium
226 and 228; uranium; and gross alpha activity. The other 
constituents listed in the proposed EPA standards (see Table 
D.5.1) were found to have levels below detection for the first 
two rounds of sampling in June 1986 and September 1986; conse
quently, these remaining constituents were excluded from sub
sequent sampling rounds and are not considered to be present 
as contamination in groundwater at the Green River tailings 
site. Table D.5.14 describes all of the groundwater sampling 
locations and Table 0.5.15 presents the results of the chemi
cal analyses for all of the wells and well points. Figure 
D.5.12 is a trilinear plot of the monitor wells at the Green 
River site. The trilinear plot shows the general types of 
groundwater in the alluvium and Cedar Mountain Formation.  

Top hydrostratigraphic unit 

The locations of background monitor well 707 and well 
point 563 are shown on Figure D.5.1. These monitoring loca
tions are upstream and upgradient of the tailings.  

A background groundwater quality summary of the top unit 
is presented in Table D.5.16. The maximum background concen
tration of the range exceeds the proposed EPA MCL for all the 
constituents in the table except for Ra-226 and 228. Many 
other constituents exceed EPA secondary and state of Utah 
drinking water MCLs. These include (but are not limited to): 
chloride (>250 mg/l), sulfate (>5500 mg/l), and TOS (>9000 
mg/l). (See Table D.5.15 for specific concentrations of these 
constituents.) The general water type for the top unit is 
calcium or sodium sulfate; the water is Class II based on TDS 
(greater than 1000 mg/l TDS but less than 10,000 mg/l), but is 
Class III based on the high levels of chromium, molybdenum, 
nitrate, selenium, and uranium that occur naturally.
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UDDer-middle hvdrostratiqraDhic unit

The locations of background monitor wells 816 and 806 are 
shown on Figure D.5.1. Monitor well 806 is upgradient of the 
tailings, and monitor well 816 is upgradient and updip of the 
tailings.  

A background groundwater quality summary of the upper
middle unit is presented in Table D.5.17. The wide range of 
background quality reflects the range in concentrations found 
at each well. High concentrations of the contaminants listed 
in Table D.5.17 are found at well 816, which is located south 
(upgradient) of the tailings at the proposed disposal site.  
Proposed EPA MCLs for nitrate, selenium, and gross alpha acti
vity are exceeded in monitor well 816. The measured uranium 
concentration is very close to the proposed MCL and chromium 
has been measured at levels as high as the MCL. The nature of 
the contamination present in this well suggests the source may 
be from the surface, as well as from recharge by naturally con
taminated water from underlying aquifers. The general water 
type in background well 806 is sodium bicarbonate. The concen
trations of both sodium and sulfate are much higher in monitor 
well 816 than in monitor well 806, but since alkalinity was 
not determined for well 816 (limited sample quantity), well 
816 is not plotted on the trilinear plot. The water in the 
upper-middle unit is Class II based on TDS, but is Class III 
based on the high nitrate and selenium concentrations found in 
monitor well 816.  

Monitor well 807 is completed in the upper-middle shale 
unit below the lower-middle sandstone (see Figure D.5.2). The 
screened interval in well 807 is from 78 to 98 feet (see Table 
D.5.2). The water quality analysis of a sample taken from this 
well in July 1988 (see Table D.5.15) shows that cadmium (0.125 
mg/l), chromium (0.06 mg/l), nitrate (1280 mg/l), and selenium 
(0.322 mg/l) concentrations exceed proposed EPA and state of 
Utah MCLs for these constituents. In addition, the boron con
centration was measured at 0.84 mg/l, which is slightly greater 
than the state of Utah maximum concentration limit for boron 
(see Table D.5.1). Finally, total dissolved solids were mea
sured at 11,700 mg/l, and the sulfate concentration was 6450 
mg/l. Since this saturated zone within the Cedar Mountain 
Formation is isolated from surface contamination by strong, 
vertically upward hydraulic gradients, the source for the 
contaminants formed within this unit is from somewhere off the 
site, and possibly from below the elevation of the well screen.  
It is possible that contaminants were discharged into this 
zone by injection, but there is no evidence that this is the 
case (Day, 1988).
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Lower-middle hvdrostratioraDhic unit

The locations of background monitor wells 562, 811, ar 
813 are shown on Figure D.5.1. Monitor well 811 is upgradient-' 
of the tailings, and monitor wells 562 and 813 are upgradient 
and updip of the tailings.  

A background groundwater quality summary of the lower
middle unit is presented in Table D.5.18. The background 
quality range for this unit is similar to that of the upper
middle unit. Beneath the proposed disposal area, the upper
and lower-middle hydrostratigraphic units may be hydraulically 
connected by numerous vertical fractures. In the north, away 
from the disposal area and toward the present tailings pile, 
the vertical fractures are not as intense or abundant and the 
lower-middle unit is confined by the overlying shales and 
limestones of the upper-middle unit. Background concentra
tions of chromium, molybdenum, nitrate, selenium, uranium, and 
gross alpha activity exceed the proposed EPA MCLs south 
(upgradient) of the tailings at the proposed disposal site.  
The source of this contamination, like that found in the 
upper-middle unit, is probably from upgradient sources south 
of the disposal area. There is no evidence at the ground 
surface that the proposed disposal site is a source of con
tamination. The general water type in the lower-middle unit 
is sodium sulfate; the water is Class II, based on TDS, but is 
Class III based on high levels of chromium, molybdenum, 
nitrate, selenium, uranium, and gross alpha activity.  

Bottom hydrostratigraphic unit 

The locations of background monitor wells 586, 587, 588, 
817, and 818 are shown on Figure D.5.1. These monitor wells 
are upgradient and updip of the tailings.  

Groundwater in this unit is much better in quality than 
the three shallower units; TDS levels are near 2000 mg/l. The 
general water type is sodium sulfate and the water is at the 
lower end of Class II, based on TDS, but is also Class III 
because of high levels of chromium, molybdenum, selenium, and 
gross alpha activity.  

For the September 1986 and March 1987 rounds of water 
sampling, monitor wells 586 and 587 were considered to be 
cement grout contaminated since the time the wells were drilled 
and completed. The pH of the water samples from these wells 
ranged from 9.92 to 11.61 standard units. For the October, 
19.%7, sampling, the pH was measured as 8.10 in monitor well 
586 and 9.35 in monitor well 587, indicating the majority of 
the grout was removed from the producing intervals during the 
purging (sampling) process. The pH values for all of the
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sampling dates for monitor wells 586, 587, and 818 were plotted 
versus molybdenum, nitrate, selenium, uranium, and sulfate 
concentrations on a linear-linear graph (Figure D.5.13) to 
show the effect of pH on the concentrations of these constit
uents. A linear regression was done for each constituent, 
the coefficient of determination (r 2 ) was calculated, and 
Student's "t" statistic (McClave and Dietrich, 1979) was cal
culated to test the null hypothesis that the slopes of the 
best-fit regression lines for each parameter are not different 
from zero. The calculated "t" statistics indicate that at a 
99 percent level of confidence there does not appear to be 
any linear relationship between pH and the concentrations of 
the constituents tested. Based on these results, values for 
these constituents and all other constituents analyzed from 
wells 586, 587, and 818 were included in the background water 
quality calculations, regardless of the water pH at the time 
of sampling.  

A background groundwater quality summary of the bottom 
unit is presented in Table D.5.19. Concentrations of chromium, 
molybdenum, selenium, and gross alpha activity in the bottom 
unit are slightly higher than the proposed EPA standards for 
these constituents. These levels probably reflect high natural 
levels of these constituents, and indicate that the high levels 
of these constituents found in the over-lying hydrostratigra
phic units may also be (at least in part) from natural sources.  

Summary 

The range of background groundwater quality in the upper
and lower-middle (Cedar Mountain Formation) hydrostratigraphic 
units is wide because background monitor wells are located both 
east (upstream) and south (updip) of the tailings. The wells 
south of the tailings (at the proposed disposal site) indicate 
there is a source of contamination upgradient of the disposal 
site that is not related to the milling processes since it 
would be outside the boundary of the mill site. If the high 
nitrate levels are an indication of the source, it may be from 
activities associated with the White Sands Missile Range test 
complex (DOE, 1988a). High levels of chromium, molybdenum, 
and selenium in the bottom hydrostratig.ýaphic unit indicate 
these constituents are from natural sources; because this unit 
is confined by a thick shale unit in the vicinity of the 
tailings site contamination from the surface is unlikely.  
Because the high background levels of nitrate, molybdenum, 
chromium, and selenium indicate contamination from natural 
sources, groundwater in all four hydrostratigraphic units at 
the Green River site may be classified as Class III, according 
to 40 CFR 192.21(g), which states that Class III groundwater 
includes water that is not a current or potential source of 
drinking water because widespread, ambient contamination not 
due to activities involving residual radioactive materials
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from a designated processing site exists that cannot be cleaned 
up by using treatment methods reasonably employed in public 
water-supply systems.  

The town of Green River currently takes water from the 
Green River upstream of its confluence with Brown's Wash for 
domestic use and irrigation. Because an ample supply of 
good-quality surface water is available for domestic use, the 
development of groundwater in the potentially affected envi
ronment of the Green River tailings site is highly unlikely.  
See Section D.5.2.10 for a more complete discussion of ground
water use, value, and alternate supplies at the Green River 
tailings site.  

D.5.2.7 Extent of existing contamination 

Percolation of tailings seepage into the groundwater 
system beneath the tailings pile has adversely impacted the 
water quality in both the top and upper-middle hydrostrati
graphic units. The vertical extent of contamination is con
fined to these two shallow units by strong, vertically upward 
hydraulic gradients between the upper-middle unit and the 
underlying units. The maximum potential depth of contamina
tion in groundwater beneath the surface of the present 
tailings pile is about 65 feet.  

Top hydrostratigraphic unit 

Gross alpha activity, molybdenum, nitrate, selenium, and 
uranium concentrations exceed background levels and proposed 
EPA and state of Utah groundwater MCLs beneath and down
gradient of the tailings. Table D.5.20 shows the maximum and 
minimum observed concentrations of contaminants in the top 
unit and the proposed EPA maximum concentration limits. The 
range in concentrations of contaminants varies widely from 
sampling to sampling, probably in response to evaporation and 
percolation of rainfall and snowmelt through the tailings; 
this type of variation is also seen in the pore water sample 
analyses for the same reasons (see Section D.5.3.5). Figures 
D.5.14 through D.5.18 show the lateral extent of contami
nation as gross alpha activity, molybdenum, nitrate, selenium, 
and uranium, respectively, in the top unit (Brown's Wash 
alluvium) and in the channel of Brown's Wash, based on the 
maximum observed concentrations.  

The contamination resulting from tailings seepage travels 
downgradient through the alluvium toward the northwest and the 
channel of Brown's Wash. Once in Brown's Wash, the contami
nants move west with groundwater flow in the shallow alluvium 
or on the surface. Surface water sample analyses from Brown's 
Wash (DOE, 1988a) indicate contaminated groundwater discharges
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to Brown's Wash; however, flow in the channel is intermittent 
and the concentrations of contaminants (as well as major anions 
and cations) are a function of the evaporation of water in 
the channel (i.e., evaporation causes a relative increase in 
concentration of the contaminants). The contaminated water 
travels downstream (west) in Brown's Wash and mixes with back
water from the Green River approximately 400 feet west of sur
face water sampling station 710 (see Figures D.5.14 through 
D.5.18). Water quality analyses from samples of Green River 
water upstream and downstream from its confluence with Brown's 
Wash show that the discharge of contaminated water from Brown's 
Wash to the Green River has no adverse affect on the water 
quality of the Green River (DOE, 1988a). This is because the 
contaminants are diluted by a factor of lO5 to 106 once 
they mix with the Green River.  

As part of the site characterization, monitor well 705 
(on-site and completed in the alluvium) was sampled and 
analyzed for EPA priority organic pollutants in July 1986.  
The analyses measured 13 parts per billion (ppb) of methylene 
chloride, but it is noted by the analytical laboratory that 
the elevated value may be a result of laboratory contamina
tion. Two other unknown, semivolatile compounds were tenta
tively identified by the lab to have concentrations of 100 and 
40 ppb. In July 1988, monitor well 705 together with monitor 
wells 561, 562, 583, 806, 807, and 816, and lysimeter 714 (see 
Figure D.5.1 for locations) were sampled for volatile and 
semi-volatile organic compounds. The analyses showed that the 
only compound detected in confirmable concentrations was 
methylene chloride; methylene chloride was also detected in 
the trip blank for this batch of samples. Based on these 
results, methylene chloride is suspected of being present as a 
result of contamination by the analytical laboratory. These 
analytical results are on file at the UMTRA Project Office in 
Albuquerque, New Mexico.  

Contamination as ammonium was also identified in the top 
unit. Figure D.5.19 shows the extent of ammonium contamina
tion in Brown's Wash alluvium and the channel of Brown's Wash.  
Ammonium was used in the milling process (see Section D.5.2.8) 
and may be present in groundwater beneath the tailings by the 
reduction of nitrate (N03-) within the tailings to ammo
nium (NH4+). The chemical characteristics of the tail
ings pore fluid are discussed in detail in Section D.5.2.8; 
geochemical conditions present in the Green River site area 
are discussed in Section D.5.2.9.  

Upper-middle hydrostratigraphic unit 

Gross alpha activity, molybdenum, nitrate, selenium, and 
uranium exceed background levels and proposed EPA and state
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of Utah groundwater standarz's beneath and downgradient of the 
tailings. Table D.5.21 shoi: the maximum observed concentra
tions of contaminants in the upper-middle unit and the pro 
posed EPA MCLs. Figures D.5.20 through D.5.24 show the laterai---, 
extent of contamination as gross alpha activity, molybdenum, 
nitrate, selenium, and uranium, respectively, in the upper
middle hydrostratigraphic unit, based on the maximum observed 
concentrations.  

Contamination from tailings seepage in the upper-middle 
unit extends northwest from the tailings pile (from monitor 
well 701, on the site), roughly following the "trough" shown 
by the potentiometric contours (see Figures D.5.20 through 
D.5.24). This trough probably is a result of higher secondary 
permeability in the shale caused by joints, fractures, or minor 
faulting that is oriented the same direction as the trough.  
Groundwater flow in the upper-middle unit is discussed in more 
detail in Section D.5.2.4.  

Contamination is also present in monitor well 583 west 
of the tailings and Brown's Wash (see Figures D.5.20 through 
D.5.24). This contamination is probably a result of seepage 
of contaminated water in Brown's Wash down into the bedrock 
channel bottom. As discussed previously, the contaminated 
water in Brown's Wash is a result of the discharge of contami
nated alluvial groundwater into the channel adjacent to and 
downgradient of the tailings.  

Contamination as ammonium was identified in monitor well 
701 on the site; however, the ammonium appears to be limited•J 
to the area directly beneath the tailings because elevated 
levels of ammonium are not found in any of the off-site monitor 
wells. The maximum observed concentration of ammonium observed 
in monitor well 701 was 47 mg/l.  

D.5.2.8 Tailings and milling process characterization 

Tailings 

The tailings pile at the Green River site is eight acres 
i3 area. The tailings are not presently saturated and there 
is no evidence of a groundwater mound beneath the tailings.  
The depth to groundwater beneath the base of the tailings 
ranges from four to ten feet, using the available monitor well 
and water level information.  

The tailings are a fairly well-sorted, white to pink sand 
with some silt. Based on laboratory test data (Table D.5.22), 
the average saturated hydraulic conductivity of compacted 
tailings is 1.5 x l0-4 cm/s. This value is probably repre
sentative of the tailings since there are no slimes within the
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pile and the tailings are uniform in texture. Under natural, 
uncompacted conditions, the vertical hydraulic conductivity is 
probably greater than 10-4 cm/s. The horizontal hydraulic 
conductivity of the underlying Brown's Wash alluvium (top 
hydrostratigraphic unit) is near 1 x 10-2 cm/s, based on 
average hydraulic conductivities at monitor wells 702, 704, 
705, and 708 (see Table D.5.7). Considering that the alluvium 
is anisotropic (Bouwer, 1978), the vertical hydraulic conduc
tivity is probably in the range of 5 x l0-3 to 1 x l0-3 
cm/s.  

In an attempt to calculate the current percolation rate 
through the present tailings pile, the following mixing rela
tionship was used: 

Cb(Qr - Qt) + CtQt = CrQr 

where 

Cb = concentration of water quality constituent upgra
dient (background) of the tailings (mg/l).  

Qr = volume flux rate of alluvial groundwater beneath 
the tailings (resultant volume flux rate from mixing 
the background groundwater with the fluid 
percolating through the tailings) (gpm).  

Qt = volume flux rate (percolation) through the tailings 
(gpm).  

Ct = concentration of water quality constituent in 
tailings pore fluid (lysimeter sample) (mg/l).  

Cr = concentration of water quality constituent in the 
alluvium beneath the tailings (resultant concentra
tion from mixing background alluvial water with 
tailings pore water) (mg/l).  

Using Qr = 9.9 gpm (see Table D.5.8), average pore water con
centrations from lysimeter GRNOI-714 (Table D.5.23), average 
background groundwater concentrations from alluvial monitor 
wells 563 and 707, and resultant groundwater concentrations 
from alluvial on-site wells 702, 704, and 705, Qt was calcu
lated to be 0.010 gpm using both uranium and manganese concen
trations. Other constituents were considered but were not 
useful either because their background concentrations were 
higher than resultant concentrations or pore water analyses 
were not available.  

Based on the calculated Qt, the continuous infiltration 
rate over the eight-acre area of the tailings is 6.4 x 10-11 
feet per second (ft/s) (2.0 x 10-9 cm/s); the average annual
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rate is equal to 0.024 inches per year (in/yr) (0.06 cm/yr), 
or 0.4 percent of the average annual precipitation. WhilI 
this method of calculating Qt has inherent uncertainti( 
(e.g., averages are used and geochemical attenuation is not-
considered), it indicates that the percolation of water through 
the tailings is very little, and is probably within the range 
estimated by Rush et al. (1982). Detailed mixing calculations 
to estimate Qt are on file in the UMTRA Project Office, 
Albuquerque, New Mexico.  

Tailings pore water samples were collected and analyzed 
from lysimeter 714 located at the east end of the pile (see 
Figure D.5.1) in September 1986 and March 1987 (Table D.5.23).  
Less than 500 milliliters could be obtained from the lysimeter 
each time, so only a select number of parameters could be 
analyzed. No pore water at all could be collected during 
October 1987 and January 1988 samplings. Since radionuclide 
analyses require one liter of water or more, radionuclide con
centrations in the pore water could not be determined. In 
addition, since only a select number of constituents were 
analyzed, a cation/anion balance could not be accurately 
performed and the reliability of the results are uncertain.  
Finally, the pore water samples are highly sensitive to 
fluctuations in soil moisture content (responses to rainfall 
and evaporation); this seems to be reflected by the high 
variance in pore water parameters like chloride, potassium, 
nitrate, sulfate, TDS, and uranium.  

Uranium mill tailings, buffer material, and contaminate, 
windblown soils samples were collected from representative
stockpiles at the Green River site in March 1989. The stock
piles for tailings, buffer material, and windblown soils are 
located near test pit 544, between monitor wells 588 and 561, 
and near test pit 577, respectively (see Figure D.5.1). The 
samples were used to determine the mobility of contaminants in 
the materials to be placed in the disposal cell. Batch leach 
and column extraction tests were conducted on the samples, and 
the batch solutions and column feed solutions were analyzed 
for all of the hazardous constiutents identified at the site 
(see Table D.5.27). Radionuclides were not analyzed because 
of the limited quantity of solution from the batch leach and 
column extraction tests.  

Results show that, for all of the hazardous constiutents 
identified at the Green River site, except for uranium and 
vanadium, the extract concentrations from batch experiments 
using windblown soils are below the interim concentration 
limits proposed by NRC (see Table E.l.l). Concentrations of 
vanadium slightly exceed the NRC-proposed interim concentration 
of 0.09 mg/l, but are well below the observed range of maximum 
values from background groundwater samples beneath the disposal 
site (0.38 mg/l maximum). Uranium concentrations from the 
windblown extract are above both the interim concentration
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limit of 0.044 mg/l (which is EPA's established MCL) and the 
maximum observed value in groundwater of 0.146 mg/l. However, 
the column feed experiments show that uranium is attenuated by 
the buffer material to a concentration greater than one order 
of magnitude less than the feed concentration (from tailings 
solution). Based on the batch and column experiments, it can 
be assumed that the windblown soils are "clean" and are 
"buffer" material in addition to the clean select-fill buffer 
material placed in the bottom of the cell. With this assump
tion, travel of contaminants can be assumed to be from the 
base of the tailings (top of the windblown soils) through the 
base of the buffer materials.  

Milling process 

The Green River processing plant was operated from March 
1958 to January 1961 (FBDU, 1981). Ore from uranium mines at 
Temple Mountain, Utah, was upgraded, and the ore concentrate 
was shipped by railroad to Rifle, Colorado, for further pro
cessing.  

The uranium ore was sandstone loosely cemented with clay 
and asphaltic material, with part of the uranium intimately 
associated with carbonaceous minerals. After crushing and 
grinding, the ore was screened, with minus-35 mesh material 
going to flotation and the plus-35 mesh material joining the 
flotation concentration to form a carbonaceous concentrate.  
The flotation tailings were separated into sand and slime 
fractions. The sands were leached with acid, the leached 
slurry washed, and the spent sands discarded to the tailings 
area. The recovered slimes and pregnant solution were then 
joined with a portion of the initial slime fraction. Any 
excess acid was neutralized with ammonia. This mixed product 
plus the remainder of the primary slimes were then dewatered 
and dried for shipment to the Rifle, Colorado, processing 
plant.  

D.5.2.9 Geochemical conditions 

The presence of pyrite and organic matter in the Cedar 
Mountain Formation aquifer of the Green River site indicates 
that groundwater at the site is relatively reducing (DOE, 
1988b). The Cedar Mountain Formation contains mudstones with 
occasional thin and discontinuous calcareous beds. Ground
water flow is controlled by fractures, joints, and faults, 
which are continuous through the upper middle portion of the 
stratum. Fracture surfaces in the unsaturated zone contain 
significant quantities of ferric oxyhydroxide, calcite, gypsum, 
and oxidized pyrite. The presence and movement of groundwater 
beneath the tailings impoundment is controlled by connected 
fractures. Strong, upward, vertical hydraulic gradients are
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prevalent through the entire saturated hydrostratigraphic 
sections.  

Results of selected water-quality analyses of the Cedar-' 
Mountain Formation aquifer are provided in Table D.5.24. The 
monitor wells were sampled in May 1988 and the water-quality 
data collected during this period are representative of the 
aquifer. This groundwater generally is a sodium sulfate type 
and the TDS content is higher than 4500 mg/l. Monitor wells 
562 and 813 are upgradient of the tailings impoundment; how
ever, groundwater samples from these monitor wells have high 
concentrations of nitrate, sulfate, and TOS. Monitor well 701 
is completed beneath the tailings impoundment and groundwater 
samples from this well are contaminated from tailings leachate.  

Concentrations of nitrate, ammonium, selenium, and macro
solutes are elevated above background. The groundwater remains 
buffered by limestone lenses within the aquifer.  

Monitor wells 581 and 584 are downgradient from the tail
ings impoundment, and groundwater samples from these wells 
contain relatively low concentrations of nitrate and most other 
macro-solutes. Dissolved hydrogen sulfide occurs in monitor 
well 581, where field Eh measurements indicate relatively 
reducing conditions. Field alkalinity values recorded at 
monitor well 581 are relatively high, which may be the result 
of the oxidation of solid organic matter in the presence of 
hydrogen sulfide. Sulfate reduction is a bacterial reaction 
in which bacteria use the oxygen in S0 4

2 - to oxidize 
organic matter to C02 , which contributes to alkalinity, 
producing sulfide species. Sulfate reduction is represented'-
by the following equation with pH values above 7: 

S04
2 - + 2 Corganic + 2H 2 0 = HS- + H+ + 2HC03- (1) 

Petrographic analyses of core material taken near monitor 
well 581 show unoxidized, euhedral pyrite crystals in a matrix 
of solid organic matter, calcite, and quartz. Groundwater 
chemistry and mineralogy indicate that the Cedar Mountain For
mation is relatively reducing downgradient of the tailings 
impoundment.  

Uranium concentrations within the Cedar Mountain Formation 
decrease by several orders of magnitude within 600 feet down
gradient of the tailings pile. For example, the concentration 
of uranium in groundwater samples from monitor well 701, com
pleted beneath the tailings pile, is 2.69 mg/l, whereas the 
concentrations of uranium in groundwater samples from monitor 
wells 581 and 584 are below 0.001 mg/l. Figure D.5.24 shows 
the distribution of uranium in the upper-middle hydrostrati
graphic unit at the Green River site.  

The Cedar Mountain Formation consists of a Cretaceous 
marine limestone with lenses of sandstone and siltstone (see
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Section D.5.2.3). Many secondary minerals are found on the 
fracture surfaces in the foundation bedrock beneath the dis
posal site. These include, but are not limited to, calcite, 
gypsum, and iron and magnesium oxides; pyrite is abundant on 
the fracture surfaces in the lower-middle sandstone unit.  

Core samples collected above the water table contain 
fracture coatings consisting of calcite, gypsum, and iron and 
manganese oxides. The fractures have a higher permeability 
than the matrix permeability.  

In general, the core samples collected below the water 
table indicate a considerable amount of carbonate is present, 
primarily as cement and vein filling, in the siltstones and 
sandstones. The sulfide (pyrite) content of the core samples 
ranged from 0.1 percent to 1.0 percent; in some cases oxida
tion to iron oxides affects the outer surfaces of individual 
grains.  

The porosity appears to be low in the siltstones and 
moderate to low in the sandstones, and increases with in
creasing grain size. Fracture permeability probably has a 
significant role in fluid migration through these rocks. The 
fractures observed in the core samples are generally cemented 
with carbonate, and contain coatings of iron oxides. Fracture 
porosity is variable, but in general the existing fractures 
have moderate to low porosity.  

Geochemical modeling using PHREEQE (Parkhurst et al., 
1980) was performed to mix the tailings leachate with the 
ambient groundwater. Results of the modeling show that most 
heavy metals and trace elements have the potential to adsorb 
or precipitate from solution as a result of contact with the 
calcite and iron oxides in the aquifer. Where reducing condi
tions exist in the saturated zone and pyrite is present, the 
groundwater is predicted to be oversaturated with uraninite 
and amorphous U02 , and precipitation of uranium would occur.  

The solubility of uranium within the Cedar Mountain Forma
tion aquifer may be controlled by precipitation of tetravalent 
uranium minerals such as uraninite and coffinite, by adsorption 
of uranium onto ferric oxyhydroxides and clay minerals, or by 
a combination of precipitation and adsorption processes. Cedar 
Mountain Formation groundwater is sufficiently reducing down
gradient of the tailings pile to account for uraninite precipi
tation. Table D.5.25 shows the measured field Eh and the 
theoretical Eh required for Cedar Mountain Formation ground
water to be in equilibrium with uraninite. The measured field 
Eh value for monitor well 581 is more reducing than the theo
retical Eh value calculated by the computer code PHREEQE. For 
monitor well 584, the measured Eh is approximately 0.02 volts 
more oxidizing than the theoretical Eh value required for 
uraninite equilibrium. The discrepancy between the field Eh
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and theoretical Eh values may be insignificant with respect to 
uraninite precipitation. Uranium concentrations, however, ir 
groundwater samples from monitor wells 581 and 584 are in V 
low microgram/liter range.  

Reduction of the uranyl ion (U02
2 +) by aqueous sul

fide forming poorly crystalline uraninite has been investi
gated by Mohogheghi and Goldhaber (1982). Their investigation 
shows that uranium concentrations greater than 2.75 ppm results 
in the precipitation of uraninite within 24 hours. Adsorption 
of hexavalent uranium may be necessary prior to chemical reduc
tion. The partial pressures of hydrogen sulfide and carbon 
dioxide during their experiments were 4.3 x 10-2 atmospheres.  
Based on their experiments, concentrations of hydrogen sulfide 
within the Cedar Mountain Formation should provide conditions 
favorable for uraninite precipitation.  

Speciation and saturation index calculations by PHREEQE 
can be made using either field Eh or calculated Eh values.  
Determining the most appropriate redox couple to use for model 
simulations is very difficult because internal disequilibrium 
exists between the redox couples (Lindberg and Runnells, 1984).  
Field Eh values were used as input for the PHREEQE simulations 
because they are intermediate to the calculated redox couples.  
It must be shown, however, that electron-transfer reactions 
taking place between the aqueous species of interest and the 
electrode surface are similar to reactions taking place between 
the aqueous species and the electron donor/acceptor present in 
the Cedar Mountain Formation aquifer. Small uncertainties ii 

the measured electrode potentials and in the calculated Eh-----
values from the redox couples may be important for simulating 
whether solubility control or adsorption is the major attenua
tion mechanism for uranium in the Cedar Mountain Formation 
aquifer. The Fe 3 +/Fe2 + and Sato dissolved oxygen redox 
couples appear to be in close agreement with the measured Eh 
values for monitor wells 562, 701, and 813 upgradient from the 
tailings impoundment, whereas the HS-/Rhombic S redox couple 
approximates measured Eh values for monitor wells 581 and 584 
downgradient from the tailings impoundment. Berner (1963) has 
shown that the HS-/Rhombic S couple is reversible for marine 
sediments and this redox couple is useful for approximating 
redox conditions in certain portions of the Cedar Mountain 
Formation aquifer where detectable concentrations of aqueous 
hydrogen sulfide are present.  

The saturation indices for uraninite, coffinite, calcite, 
gypsum, pyrite, and amorphous Fe(OH) 3 with PCO 2 = 10-2 

atmospheres were computed by PHREEQE from analytical results 
(Tables D.5.23 and D.5.24) obtained from the groundwater 
analyses from monitor wells 562, 581, 584, 701, and 813. These 
modeling results are shown in Table D.5.26. Groundwater 
samples from monitor wells 562, 701, and 813 are undersatu
rated with respect to uraninite, coffinite, and pyrite and are 
oversaturated with respect to gypsum and amorphous Fe(OH) 3 .
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Cedar Mountain Formation groundwater is in equilibrium with 
calcite. Therefore, uranium is likely to be mobile in the 
Cedar Mountain Formation aquifer at the proposed disposal site 
and downgradient towards the existing tailings pile.  

Petrographic analysis has shown the ubiquitous occur
rence of calcite, gypsum, and ferric oxyhydroxide within the 
fractures. Uranium, stable as U02 (C03 ) 2 2- and 
U02 (C03 ) 3 4- complexes, is likely to be mobile in this 
portion of the aquifer. Conversely, groundwater is predicted 
to be oversaturated with respect to uraninite and pyrite down
gradient of the tailings impoundment where uranium concentra
tions are below 0.001 mg/l. Pyrite occurs as euhedral crystals 
with no detectable oxidation coatings, indicating that oxidi
zing solutions are not presently in contact with the sediments.  
The analytical detection limit for total uranium is <0.001 mg/l 
and the saturation index values for uraninite and coffinite 
are maximum values. If the actual concentrations are less 
than 0.001 mg/l, then groundwater samples from monitor wells 
581 and 584 could be undersaturated with respect to uraninite 
and coffinite. The occurrence of uraninite and coffinite in 
this portion of the Cedar Mountain Formation has not been 
established by petrographic techniques.  

Solubility experiments conducted by Ryan and Rai (1983), 
however, show that U(OH) 5- may not be as strong a com
plex of U(IV) because no evidence for the predominance of 
U(OH) 5 - was observed under alkaline pH conditions. In 
addition, thermochemical data (hydrolysis constant) for 
U(OH) 5 - may be suspect (Bruno et al., 1987) and the 
stability fields for dissolved U(IV) species can be much larger 
than what are reported in the literature. This implies that 
the stability fields for U(IV) species may be much more 
restricted in nature.  

In light of these concerns, additional speciation calcu
lations which did not include U(OH) 5 - in the database 
still show that Cedar Mountain Formation groundwater remains 
oversaturated with uraninite using analytical data from moni
tor well 581. Uranyl tricarbonate becomes the dominant solu
tion species of uranium in the absence of U(OH) 5 -. Input 
Eh value is the dominant control, in addition to uranium con
centrations, for calculating the saturation index of uraninite.  

Adsorption of uranium onto ferric oxyhydroxides, clay 
minerals, and other adsorbents present in the Cedar Mountain 
Formation (DOE, 1988b) may partially account for the observed 
concentration decrease of uranium. Complete adsorption 
of uranium onto ferric oxyhydroxide under relatively oxidiz
ing conditions, however, is inhibited by the formation of 
U02 C03

0 , U02 (C03 ) 2 2-, and UOs(C0 3 ) 3 4- complexes (Hsi and 
Langmuir, 1985; Tripathy, 1984). Speciation calculations for 
uranium show that the hydrolysis species U(OH) 5 - is the 
dominant uranium species predicted for groundwater samples
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from monitor well 581, whereas U02 (C0 3 ) 3
4 - is the dominant 

species in groundwater samples for monitor well 584. Adsorp 
tion of uranium onto minerals such as goethite, amorphot 
Fe(OH) 3 , and hematite may occur to a greater extent wher'e--• 
uranium hydroxo complexes are more abundant than uranyl 
carbonato complexes (Hsi and Langmuir, 1985; Tripathy, 1984).  

In nature, uranium can become chemically reduced and 
concentrated to form an ore deposit. Uranium roll-front 
deposits consist of naturally occurring ore-grade uranium and 
the geochemical environment of these deposits may be similar 
to that of the Cedar Mountain Formation. The ore deposits are 
formed by several geochemical processes including dissolution, 
chemical reduction, complexation, sorption, and precipitation.  
The Eh of groundwater in contact with the ore deposit is rela
tively reducing (Eh <-0.100 V) and dissolved uranium concen
trations can vary from 0.001 to 2000 mg/l (Deutsch and Serne, 
1984; Runnells and Lindberg, 1984; Chathan et al., 1981; 
Cowart and Osmond, 1980). Downgradient from the ore deposit, 
uranium concentrations are in the low mcg/l range under 
chemically reducing conditions. Uranium rollfront and tabular 
deposits are found throughout the world in different geologic 
strata. The Cedar Mountain Formation is chemically reducing 
and uranium is being attenuated downgradient from the tailings 
pile through geochemical processes. Hydrogen sulfide, pyrite, 
and solid organic matter occur in the Cedar Mountain Formation 
and these materials are chemical reducing agents for uranium 
and other metals. Generation of hydrogen sulfide within the 
Cedar Mountain Formation has been occurring for millions o 
years. Subsequently, long-term reducing conditions are-
established for this formation.  

D.5.2.10 Groundwater use, value, and alternative supplies 

Existing use and value 

There are 15 registered wells in Township 21 South, Range 
16 East (State of Utah, 1985). Thirteen of these wells are on 
the west side of the Green River; one well is on the east side 
of the river one mile northeast of the tailings site (Figure 
D.5.25). The final well, the Crystal Geyser well, is in the 
southeastern corner of Section 34, Township 21 South, Range 16 
East on the east bank of the Green River. Most or all of 
these wells, except for Crystal Geyser, are shallow (less than 
20 feet deep) and are completed in the Green River alluvium.  
Information was obtained regarding 10 of the 15 wells. The 
majority of the wells are not being used because of the poor 
quality of the water, disrepair of the wells, and the availa
bility of better-quality water from the city of Green River.  
This is consistent with Rush et al. (1982) on groundwater use 
on a regional basis.
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The reported past use of water from these wells was for 
watering gardens or livestock. Groundwater in the Green River 
area is not considered potable (Rush et al., 1982). The city 
of Green River provides water to residents on the eastern side 
of the Green River. The nearest resident to the tailings site 
hauls potable water from a coin-operated outlet in the city of 
Green River (Casper. 1985). In summary, there are no known 
uses of groundwater within the potentially affected hydrogeo
logic setting of the tailings site.  

It is difficult to assign an absolute value to water re
sources, especially those of lesser quality. Qualitatively, 
it can be stated that the shallow groundwater affected by the 
Green River mill tailings has a very low value due to its 
origin in an area affected by the Mancos Shale and other shale 
and limestone deposits of the Cedar Mountain Formation. The 
Utah Division of Water Resources (DWR, 1975) states, "Water 
originating from this [Mancos Shale] formation has little 
value . . . ." 

Future use and value 

Future use of shallow groundwater for domestic consump
tion in the site area is not expected due to the poor natural 
quality and low yield of aquifers in the area. Groundwater in 
the area of Green River is not considered to be potable (Rush 
et al., 1982).  

Drill stem tests have indicated that the relative ability 
of the shallow groundwater system to yield fluid during test
ing is small and permeability values are low (Rush et al., 
1982). Other studies in the region also report a lack of 
groundwater resources. The water found during oil and gas 
drilling corroborates these reports (DWR, 1975): 

"Most all wells that were drilled contacted water, 
but the quality of this water has been such that it 
was not fit to drink." 

The detrimental effects of the Mancos Shale on the avail
ability of good-quality groundwater is one of the main factors 
limiting future development of groundwater in the area (DWR, 
1976): 

"Groundwater development of fissured or fractured 
areas of the Mancos Formation has not been success
ful because most water located in fissures or by 
complete penetration into other strata has been of 
poor quality . .. .  

Present development of alluvial groundwater is limited 
because of natural and man-made degradation of the water, and
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these conditions will persist. The availability of better
quality water from the municipal supply has caused a declinr 
in the use of alluvial groundwater. In spite of the poc 
water quality in the Brown's Wash alluvium and in the under----, 
lying shales and limestones of the Cedar Mountain Formation, 
water suitable for crop irrigation and livestock watering 
was located in a sandstone unit of the lower Cedar Mountain 
Formation beneath the tailings site (bottom hydrostratigra
phic unit). The value of this potentially usable source of 
groundwater is very difficult to determine; however, an 
estimate of the value can be made by comparing the value of 
alternate sources of water for irrigation and stock watering.  
The city of Green River charges water users outside the city 
limits $23 for the first 6000 gallons per month, and $2 for 
each additional 1000 gallons per month (City of Green River, 
1984).  

The cost of municipally supplied water for users outside 
the city's limits is twice that for users within the city's 
limits. While groundwater obtained from the Buckhorn Con
glomerate member of the Cedar Mountain Formation cannot 
replace current domestic supplies unless better-quality water 
can be found in this unit elsewhere, the value of municipally 
supplied water provides an upper limit for the value of the 
water available in these units. The ultimate value of the 
water in the Buckhorn Conglomerate will also be dependent 
upon the lateral extent of this unit, its recharge capacity, 
and the long-term availability of water from this unit.  

In summary, the future usage of groundwater will be-
limited by the generally small supply and relatively poor 
quality of groundwater in the area, and the availability of a 
good quality municipal water supply.  

Alternative supplies 

The tailings have not affected any groundwater currently 
being used. Alternate water supplies include Green River 
water as currently supplied by the city of Green River, and 
commercial water supply (e.g., delivery by tanker).

D-5B



TO GREEN RIVER 

5641 ,, 

SEWAGE LAGOONS 0815 7 06 0 

819 7 0 

05 
075 W5A R 7 8 

T5O 5 

B R O W N 'S 
P P D •.. • .. .""810 

=m • ~526 
STO THE ", 

S GREEN RIVER .812X•WAE 

S"•'+.•TOWER// 5 
813 ,7 

588 ~DISPOSAL SITE -]<1536 8657 823h A ]6800 

200 0 200 400 

"/ 535 

SCALE IN FEET 6 

MU NI' 

S• %• BUNH 

FIGURE D.5.1 LOCATIONS OF CROSS SECTIONS, MONITOR WELLS, < > 
LYSIMETER, ABANDONED BOREHOLES, TEST PITS, ",' 

AND SURFACE WATER SAMPLING SITES, GREEN RIVER, 
UTAH, TAILINGS SITE



PROPOSED DISPOSAL GRN01-587

4150-

4100

4050-

4000

3950-
250 125 0 250 

HORIZONTAL SCALE IN FEET 

DATUM IS MEAN SEA LEVEL 

4085.4 V STATIC WATER LEVEL 
AND ELEVATION, 10/87, 

CASING PERFORATIONS 

TD - TOTAL DEPTH

I C
FýA SILTSTONE 

E SANDSTONE 

r. CONGLOMERATE 

] SHALE OR MUDSTONE 

SLIMESTONE 

SRECENT ALLUVIUM 

SUNCONFORMITY

HYDROGEOLOGICAL CROSS SECTION A-A , 

GREEN RIVER, UTAH, TAILINGc "ITE

97.9

GEND

Ot - TERRACE SEDIMENTS 

Kd - DAKOTA SANDSTONE 

Kcmu - CEDAR MOUNTAIN FORMATION, 
UPPER MIDDLE UNIT 

Kcml - CEDAR MOUNTAIN FORMATION, 
LOWER MIDDLE" UNIT 

Kcmb - CEDAR MOUNTAIN FORMATION 

BUCKHORN CONGLOMERATE MEMBER 

(BOTTOM UNIT) 

NOTE: VERTICAL EXAGGERATIO(

I

LL 

z 
0 

-i w

CD

FIGURE D.5.2

K



(
EAST

TO

LEGEND

360 180 0 360 I I I 

HORIZONTAL SCALE IN FEET 
DATUM IS MEAN SEA LEVEL

4085.82 VSTATIC WATER LEVEL 
AND ELEVATION, 10187 

CASING PERFORATIONS

D 
rH

Qal - RECENT ALLUVIUM 

Km - MANCOS SHALESANDSTONE

SHALE OR MUDSTONE

LIMESTONE

RECENT ALLUVIUM

UNCONFORMITY

ID - TOTAL DEPTH

Kd - DAKOTA SANDSTONE

Kcmu - CEDAR MOUNTAIN FORMATION, 
UPPER MIDDLE UNIT 

KcmI - CEDAR MOUNTAIN FORMATION, 
LOWER MIDDLE UNIT 

Kcmb - CEDAR MOUNTAIN FORMATION 
BUCKHORN CONGLOMERATE MEMBER 

(BOTTOM UNIT)

NOTE: VERTICAL EXAGGERATION X 5

FIGURE D.5.3 
HYDROGEOLOGICAL CROSS SECTION B-B' 

GREEN RIVER, UTAH, TAILINGS SITE

WEST

4100 

4050

I
w 

4000 

0 

I..  
t,

3950-

3900-

I



4150

4100-

4050 

4000-

C 

TOP HYDROSTRATIGRAPHIC UNIT 

0 

TAILINGS c • 

BROWN'S WASH 

H YD ROS

3950-

3900 

'C 

TD - T 

FIGURE D.5.4 

K

j z 

HYR( 

-MIDDLE 
;TRATIGRAP H

250 125 0 25 
I SC, I F 

HORIZONTAL SCALE IN FEET

0

--- PROPOSED DISPOSAL SITE C 

GRN01-562 GRN01-586 

... ..... ..... .....  

-- Kc0.i• 

O)STR-AT-1GR-APHIIC U NIT• 

-? 

- 7, 

Ic UNIT 

.TD 

BOTTOM HYDROSTRATIGRAPHIC UNIT

El SANDSTONE 

STATIC WATER LEVEL. 9/86 CONGLOMERATE 

ASING PERFORATIONS SHALE/MUDSTONE 

SLIMESTONE 
OTAL DEPTH RECENT ALLUVIUM 

SN UNCONFORMITY 

HYDROGEOLOGIC CROSS SECTION C-C', 
GREEN RIVER TAILINGS SITE (

Qpg - PEDIMENT GRAVELS 

Qal- BROWN'S WASH ALLUVIUM 

Km - MANCOS SHALE 

Kd - DAKOTA SANDSTONE 

Kcm - CEDAR MOUfNTAIN FORMATION 

Kcmb - CEDAR MOUNTAIN FORMATION 

BUCKHORN CONGLOMERATE

-J 
C') 

uJ 
Lt 

z 

z 
0 

I

-J 
LU



PROPOSED 
D I DISPOSAL SITE I D'

GRNOI-818

150 75 0 150

HORIZONTAL SCALE IN FEET 

DATUM IS MEAN SEA LEVEL

LEGEND

SANDSTONE OR SILTSTONE

SHALE OR MUDSTONE

LIMESTONE

RECENT ALLUVIUM

UNCONFORMITY

FRACTURES

Ot - TERRACE SEDIMENTS 408 

Kd - DAKOTA SANDSTONE 

Kcmu - CEDAR MOUNTAIN FORMATION, 
UPPER MIDDLE UNIT 

KcmI - CEDAR MOUNTAIN FORMATION, 
LOWER MIDDLE UNIT 

Kcmb - CEDAR MOUNTAIN FORMATION 
BUCKHORN CONGLOMERATE MEMBER 

(BOTTOM UNIT)

4 .4 v STATIC WATER LEVEL 

AND ELEVATION, 10/87 

. CASING PERFORATIONS

TD - TOTAL DEPTH

NOTE: VERTICAL EXAGGERATION X 3

FIGURE D.5.5 
HYDROGEOLOGICAL CROSS SECTION D-D' 

GREEN RIVER, UTAH, TAILINGS SITE

D-63

4200 -

4150 -

4100 1

..) 

uJ 
w 

Z 
z 
0 

uJ -J 
wU

4050 -

4084.4

4000 -

3950

El

" "' i , w



PROPOSED 
E I DISPOSAL SITE I E 

01-807 GRNO1-822 GRN01-816 GRN01-812

4150

4130-

LEGEND

SANDSTONE OR SILTSTONE 

SHALE OR MUDSTONE 

LIMESTONE 

RECENT ALLUVIUM 

UNCONFORMITY 

FRACTURES

Qt - TERRACE SEDIMENTS 

Kd - DAKOTA SANDSTONE 

Kcmu - CEDAR MOUNTAIN FORMATIH 
UPPER MIDDLE UNIT 

KcmI - CEDAR MOUNTAIN FORMATIC 
LOWER MIDDLE UNIT

4088.4 _2 STATIC WATER LEVEL 
AND ELEVATION. 10/87 

SCASING PERFORATIONS 

)N. TD - TOTAL DEPTH

NOTE: VERTICAL EXAGGERATION X 7.5

FIGURE D.5.6 
HYDROGEOLOGICAL CROSS SECTION E-E' 

GREEN RIVER, UTAH, TAILINGS SITE

D-64

4088.4

GRN

DRY

4110

4090-

I
uLJ 

u

z LLJ 
0 

-J 
w~

4070

4050

4030-

150 

=ET 

EL

=77 

Ai



LEGEND 

MILL 4110 -- FENCE 
0 R/•D 4120 MILL BUILDINGS 

IITR LIGHT DUTY ROAD TOWER ,0 413 0 JEEP TRAIL "it 
// ... '7-• EPHEMERAL STREAM 

// 705 
/,/ @4062.7 MONITOR WELL. WELL 

NUMBER, AND WATER LEVEL 
I/ , ELEVATION IN WELL(10/87) 

-- 4066- POTENTIOMETRIC CONTOUR 
/AND ELEVATION(DASHED 

! / /,/ WHERE APPROXIMATE) 

,•PROPOSED •

/, DISPOSAL SITE /, 
4130 : 

200 0 200 400 600 

SCALE IN FEET 

FIGURE D.5.7 
WATER TABLE CONTOUR MAP AND MONITOR WELLS, TOP HYDROSTRATIGRAPHIC 

UNIT, GREEN RIVER , UTAH, TAILINGS SITE, OCTOBER, 1987

0

N



LEGEND 

- FENCE, 

MILL BUILDINGS 

LIGHT DUTY ROAD 

JEEP TRAIL 

..--- EPHEMERAL STREAM 

701 
@)4061.3 MONITOR WELL, WELL 

NUMBER, AND WATER LEVEL 
ELEVATION IN WELL (10/ 87) 

"-4080- POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)

200 0 200 400 600 

SCALE IN FEET

FIGURE D.5.8

Pý "NTIOMETRIC CONTOUR MAP AND MONI• 
UNIT, GREEN RIVER, UTAH,

WELLS, UPPER - MIDDLE HYDROSTRATIGI( 
AILINGS SITE, OCTOBER, 1987

0*

I
"ilC



/"

nGWnlALn AD 4090 K 
40 811 7 @407 2.3 

TAILING PILE '' .. 7 

4•010 WAS 

II JEE TRAI 

4084090 

LEGEND 

/ "•"ELEVTION N WEL ( 11 87 

MILL 4110 F--400-- FENCE.  
581 ~. YARD /4120 MILL BUILDINGS 
40810 W LIGHT DUTY ROAD 

TOWERJEEP TRAIL 

DI AEPHEMERAL STREAM 
8 1 3 5 8 

40084.2004000581 

04087.2 MONITOR WELL, WELL 
NUMBER, AND WATER LEVEL 
ELEVATION IN WELL (10E87) 

-4070- POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE) 

DISPOSAL SITE/ 

200 0 200 400 600 

SCALE IN FEET 

FIGURE D.5. 9' 
POTENTIOMETRIC CONTOUR MAP AND MONITOR WELLS, LOWER -MIDDLE HYDROSTRATIGRAPHIC 

_____UNIT, GREEN RIVER, UTAH, TAILINGS SITE, OCTOBER, 1987

I
/



LEGEND 

FENCE.  

MILL BUILDINGS 

LIGHT DUTY ROAD 

JEEP TRAIL 

EPHEMERAL STREAM 

MONITOR WELL, WELL 
NUMBER, AND WATER LEVEL 
ELEVATION IN WELL (10/ 87) 

POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)

200 0 200 400 600 

SCALE IN FEET

FIGURE D.5.10

I'TENTIOMETRIC CONTOUR MAP AND MO? 
UNIT, GREEN RIVER, UTAH,..\

"OR WELLS, BOTTOM HYDROSTRATIGRAPHI( 
.LINGS SITE, OCTOBER, 1987

I



CD 

0 

0 

O 

ej 

V)

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

0.05 

0.04 

0.03 

0.02 

0.01 

0.00 

0.005 

0.004 

0.003 

0.002 

0.001 

0.000

Mo - 0.0276 (pH) - 0.204 

r2 0.570 

S.S

r- i I , - I I--
6 7 8 9 10 11 12 13 

pH 

0 

r2 - 0.000 

NO3 - 0.00192 (pH) + 1.124 

I I I I i I I 
6 7 8 9 10 11 12 13 

pH 

Se - 0.000049 (pH )+ 0.0132 r 2 - 0.0132 

6 7 8 9 10 11 12 13 
PH S 0 0.429 

U- -0.00072(pH)+ 0.0103 

I ! I i I I I

6

0 

0

1100 

1000 
900 

800 

700 

600 

500 .q.

7 8 9 10 pH 

SO 4 - 47.9 (pH) + 295.9 
0

11 12 13

r = 0.097 

0 " 
/0

8.10 
8.30 
9.35 
9.92 

10.51 
11.49 
11.61 

PH 

8.10 
8.30 
9.35 
9.92 

10.51 
11.49 
11.61 

PH 

8.10 
8.30 
9.35 
9.92 

10.51 
11.49 
11.61 

PH 

8.10 
8.30 
9.35 
9.92 

10.51 
11.49 
11.61 

PH 

8.10 
8.30 
9.35 
9.92 

10.51 
11.49 
11.61

I I I I I I 1 I 
6 7 8 9 10 11 12 13 

pH

FIGURE D.5.11 
"PLOTS OF pH vs. MOLYBDENUM, 

NITRATE, SELENIUM, URANIUM, AND SULFATE 
FOR BOTTOM UNIT BACKGROUND MONITOR WELLS 586, 587, AND 818 

D-69

Molybdenum (mg/i) 

<0.01 
<0.01 
0.03 
0.14 
0.10 
0.09 

<0.10 

Nitrate (mg/l) 

<1 
<1 
<1 

2 
<1 
<1 
<1 

Selenium (mg/l) 

<0.01 
<0.01 
<0.01 
0.036 

<0.01 
<0.01 
<0.01 

Uranium (mg/i) 

<0.003 
0.005 

<0.003 
0.005 
0. 0036 
0.0015 

<0.001 

Sulfate (mg/i) 

690 
620 
950 
700 
720 
540 

1170

J-}



707

LEGEND

m----x- FENCE.  

MI MILL 1 UILDINGS

LIGHT DUTY ROAD 

JEEP TRAIL 

.-..-- EPHEMERAL STREAM

705 
0 (117)

"4120

MONITOR WELL, WELL 

NUMBER, AND MAXIMUM 
OBSERVED GROSS ALPHA 
ACTIVITY (p Ci/1)

A 709 SURFACE-WATER SAMPLING 
(600) STATION, STATION NUMBER, 

AND MAXIMUM OBSERVED 
GROSS ALPHA ACTIVITY 
(p Cl/I) (DOE,1988a)

-4066- POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)(10/87)

INTERMITTENT WATER IN 
BROW N S WASH

EXTENT OF BROWN S 

WASH ALLUVIUM 

A. ,• GENERAL GROUNDWATER 
FLOW DIRECTIONDISPOSAL SITE

200 0 200 400 600
NOTE: NM = NOT MEASURED

SCALE IN FEET

EXTENT OF GROSS ALPHA 
CONTAMINATION IN BROWN S 
WASH ALLUVIUM OR BROWN,' 
WASH CHANNEL FROM 

TAILINGS LEACHATE

FIGURE D.5.12 
MAXIMUM OBSERVED ACTIVITIES AND EXTENT OF GROSS ALPHA CONTAMINATION IN Tp-' 

TOP HYDROSTRATIGRAPHIC UNI" ,REEN RIVER, UTAH, TAILINGS SITE

I SI F I I

0)



/-

LEGEND

-"---x- FENCE.  

[ MILL B3
JILDINGSLUl U UUI Y HOLAD

S.... ""EPHEMERAL STREAM

@705 MONITOR WELL, WELL 
(0.24) NUMBER, AND MAXIMUM 

OBSERVED MOLYBDENUM 
CONCENTRATION (mg/I)

A 7 0 9  SURFACE-WATER SAMPLING 
(0.49) STATION, STATION NUMBER, 

AND MAXIMUM OBSERVED 

MOLYBDENUM CONCENTRATION (mg/1) (DOE,1988a)

-4066- POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)(10/ 87)

INTERMITTENT WATER IN 
BROWN"S WASH

EXTENT OF BROWNS 
WASH ALLUVIUM

4 •= GENERAL GROUNDWATER FLOW DIRECTION

PROPOSED 
DISPOSAL SITE

cm200 0 200 400 600 

SCALE IN FEET

EXTENT OF MOLYBDENUM 
CONTAMINATION IN BROWNS 
WASH ALLUVIUM OR BROWNS 
WASH CHANNEL FROM 
TAILINGS LEACHATE

MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF MOLYBDENUM CONTAMINATION IN THE 
TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE

'4120

1130

JILDINGS

.. .. JEEP TRAIL

FIGURE D.5.13



(9 DY 11LEGEND 

-.--- FENCE 

711 -. , MILL BUILDINGS 

up V- 4..-140 --- LIGHT DUTY ROAD 
40 JEEP TRAIL 

404O0 EPHEMERAL STREAM 

0®705 MONITOR WELL. WELL 

3 ,0ioo (22) NUMBER, AND MAXIMUM 

II4110 OBSERVED NITRATE 
MILL -CONCENTRATION (mg/I) 

0 AR 4120 

WATER 710  SURFACE-WATER SAMPLING 
TOE 413 0 (120) STATION, STATION NUMBER, 

110 AND MAXIMUM OBSERVED 
NITRATE CONCENTRATION 
(mg/I) (DOE,1988a) 

o1 ,-4066 - POTENTIOMETRIC CONTOUR 

AND ELEVATION (DASHFD 

WHERE APPROXIMATE)(10/87) 

INTERMITTENT WATER IN 

'/: BROWN S WASH 

S,-EXTENT OF BROWNS 
WASH ALLUVIUM 

PROPOSED --..- GENERAL GROUNDWATER 
DISPOSA SE FLOW DIRECTION 

4130 , /7/. EXTENT OF NITRATE 
•'• .A (.CONTAMINATION IN BROWNS 

200 0 200 400 600 WASH ALLUVIUM OR BROWN S 
WASH CHANNEL FROM 

SCAL INFEET I TAILINGS LEACHATE SCALE IN FEET 

FIGURE D.5.14 
MAXIMUM OBSERVED CONCENTRATIONS AN'P EXTENT OF NITRATE CONTAMINATION IN 

TOP HYDROSTRATIGRAPHIC UNITy IEEN RIVER, UTAH, TAILINGS SITE



(

ND RY Ivo .. ..... ... 4 090 3) 
Jf 400O 

PR; (0.38 (E E o(0.13) LGN S,,.7 LEGEND 

.0,02 x-FENCE •,","~~ 10 03k , ". @€.  
TLGS.MILL BUILDINGS 

- ---...- (00.) 80 LIGHT DUTY ROAD 
, j(0.32)_'0_• 

JEEP TRAIL 
4090o .... EPHEMERAL STREAM 

, -.-- @705 MONITOR WELL, WELL 
•"' "" " 0 (0.41) NUMBER, AND MAXIMUM 

ILL11 OBSERVED SELENIUM 
0 YARD 4120 CONCENTRATION (mg/I) 

TWR4130 A 710  SURFACE-WATER SAMPLING 
(0.49) STATION, STATION NUMBER, 

AND MAXIMUM OBSERVED 
SELENIUM CONCENTRATION.  
(mg/I) (DOE,1988a) 

-4066- POTENTIOMETRIC CONTOUR i "'AND 
ELEVATION (DASHED 

I WHERE APPROXIMATE)(10/87) 

°INTERMITTENT WATER IN 
BROWN' S WASH 

-j-....-.. EXTENT OF BROWN S WASH ALLUVIUM 

PROPOSED GENERAL GROUNDWATER 
DISPOSAL SITE FLOW DIRECTION 4130.• ,"•, 

F O I E T O > ....
EXTENT OF SELENIUM 

200 CONTAMINATION IN BROWNS 
200 0 200. 400 600 

WASH ALLUVIUM OR BROWN'S l ý I l j WASH CHANNEL FROM 
SCALE IN FEET TAILINGS LEACHATE 

FIGURE D.5.15 
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF SELENIUM CONTAMINATION IN THE 

TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE



LEGEND " " s ~ ~ ~.......... :':: . .. •! 

tj Q)FENCE.  

-..J005 MILL BUILDINGS 

.' -C 23)I0::0 JE.EoPo .-. TRAIL 

to**-'- EPHEMERAL STREAM 

705(117) MONITOR WELL, WELL 
_/ý4100 NUMBER, AND MAXIMUM 

//4110 OBSERVED URANIUM 
MIL 12 CONCENTRATION (mg/I) 

WAR A 710 SURFACE-WATER SAMPLING 
I,- TOWER 4.;4130 (0.264) STATION, STATION NUMBER, 

AND MAXIMUM OBSERVED 
Z) URANIUM CONCENTRATION 

(mg/I) (DOE,1988a) 

-4066 - POTENTIOMETRIC CONTOUrl 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)(10/87) 

INTERMITTENT WATER IN 

BROWN'S WASH 
S.. EXTENT OF BROWNS 

WASH ALLUVIUM 

4O S GENERAL GROUNDWATER 
FDISPOSAL SITE LOW DIRECTION 

•1130 EXTENT OF URANIUM 
CONTAMINATION IN BROWNW S 

200 0 200 400 600 WASH ALLUVIUM OR BROWNS 
1"T WASH CHANNEL FROM 

SCALE IN FEET TAILINGS LEACHATE 

FIGURE D.5.16 
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF URANIUM CONTAMINATION IN ( TOP HYDROSTRATIGRAPHIC UNI" REEN RIVER, UTAH, TAILINGS SITE



, 564 RALVl OAD 

(<0.1 D2 RY <• 1) (D (2) 

®/ 

(2)707LEGEND 

" ... ..- FENCE , 
, 711 ' MILL BUILDINGS 

70i .. ." ... LIG1-T DUTY ROAD 

9) JEEP TRAIL (<O.1 
.4090 "- ""EPHEMERAL STREAM 

0705 MONITOR WELL, WELL 
ýoo (42) NUMBER, AND MAXIMUM 

47/4110 
OBSERVED AMMONIUM.  

MIL /" 4CONCENTRATION (mg/I) 
0 12 

410 WA SURFACE-WATER SAMPLING 
TOW•R 4130 (5) STATION, STATION NUMBER, 

AND MAXIMUM OBSERVED 
AMMONIUM CONCENTRATION 
(mg/I) (DOE,1988a) 

-4066- POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)(10/87) 

INTERMITTENT WATER IN 
lip BROWN' S WASH 

SEXTENT OF BROWNS.  
WASH ALLUVIUM 

PROPOSED- GENERAL GROUNDWATER 
FLOW DIRECTION DISPOSAL -SITE 

4130 ' -EXTENT OF AMMONIUM' 
NOTE: NM- NOT MEASURED CONTAMINATION IN BROWNtS WASH ALLUVIUM OR BROWNS 200 0 200 400 600 

WASH CHANNEL FROM 

SCALE IN FEET TAILINGS LEACHATE 

FIGURE D.5.17 
MAXIMUM OBSERVED CONCENTRATIONS AND EXTENT OF AMMONIUM CONTAMINATION IN THE 

TOP HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE

/



LEGEND

FENCE.  

MILL BUILDINGS 
LIGHT DUTY ROAD

JEEP TRAIL 
"-"'"EPHEMERAL STREAM

C) 701 MONITOR WELL, WELL 
(980) NUMBER, AND MAXIMUM 

OBSERVED GROSS iALPHA' 
ACTIVITY (p Ci/I)

-4080- POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE )

-4-- GENERAL GROUNDWATER -FLOW DIRECTIONDISPOSAL SITE
NOTE: NM = NOT MEASURED

200 0 200 400 600 

SCALE IN FEET

ESTIMATED EXTENT OF 
GROSS ALPHA CONTAMINA

TION IN THE UPPER-MIDDLE 
UNIT FROM TAILINGS 
LEACHATE

FIGURE D.5.18 MAXIMUM OBSERVED ACTIVITIES AND ESTIM'" --D EXTENT OF GROSS ALPHA CONTAMIN_\• THE UPPER-MIDDLE HYDROSTRATIGRAPV UNIT, GREEN RIVER, UTAH, TAILINGS SITE
N

N 

I



C

LEGEND

-- -- FENCE

I,

PROPOSED' 
DISPOSAL SITE

LIGHT DUTY ROAD

`..... - EPHEMERAL STREAM

0 701 MONITOR WELL, WELL 
(0.2) NUMBER, AND MAXIMUM 

OBSERVED MOLYBDENUM 
CONCENTRATION (mg/I)

-4080- POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)( 10/87)

4--mGENERAL GROUNDWATER 
FLOW DIRECTION

ESTIMATED EXTENT OF 
Q oMOLYBDENUM CONTAMINATIO 

IN THE UPPER-MIDDLE UNIT 
FROM TAILINGS LEACHATE

200 0 200 400 600 

SCALE IN FEET

FIGURE D.5.19 
MAXIMUM. OBSERVED CONCENTRATION AND ESTIMATED EXTENT OF MOLYBDENUM CONTAMINATION 

IN THE UPPER-MIDDLE HYDROSTRATIGRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE

N

I .4. 1 -

)

MILL BUILDINGS

JEEP TRAIL



.. o ,_ ____ _, ii,-\ o~90o 

5050 

( 1 W S ( < - . "( O O 

< ..•• • ,\ •, %<,9 

<,o_.j .. ' \ M,•L "-----j7 "-'--<" 
:' ,,I 584-.' -<RB 

It 2,./ 411 0 0 

AG '.o 

.I~ Q9**~ .**-••../AE . ,. .  

-
0 

1 40 

,.-., • ,•/./, 

~411 

YAI0D 
410 

0 

-,--, ,-WAT R 
'r J: DRY 0<. 0 13. 8) 

I ®701 

~0 RY'k 4 0 87. 0) 
05 ) .Ii1 

'lip~~DS T I -*-00 

PRPOE

SCALE IN FEET

LEGEND

FENCE 

MILL IJUILDINGS 

LIGHT DUTY ROAD 

JEEP TRAIL 

EPHEMERAL STREAM 

MONITOR WELL, WELL 
NUMBER, AND MAXIMUM 
OBSERVED NITRATE 
CONCENTRATION (mg/I) 

POTENTIOMETRIC CONTOUR 
AND ELEVATION (DASHED 
WHERE APPROXIMATE)(10/87) 

GENERAL GROUNDWATER 
FLOW DIRECTION 

ESTIMATED EXTENT OF 
NITRATE CONTAMINATION 
IN T14E UPPER-MIDDLE UNIT 
FROM TAILINGS LEACHATE

FIGURE D.5.20 
MAXIMUM OBSERVED CONCENTRATION AND ESTIMATED EXTENT OF NITRATE CONTAMINATION 

IN THE UPPER-MIDDLE HYDROSTRATIGRAPHrIC UNIT, GREEN RIVER, UTAH, TAILINGS SIT-' _ __ __ _ Q



I ih ~ ii, ii .. ii .. . .t.'i Ii ii• . -. •• •( < 0. o o 5 ) 

383 0 

;i4 1 20m pM I L L B U NLI N G S G 

) 700MONTOR ELL.WEL 

(0370UME,.NDMXIU 

pi p. -- -0 

OBSERVED SELENIU 

D 8<RY <4087.0) CONCENTRATION•.(005 -I 
M-480PET ILL OMTR0CO•-TUR FENCE 

COAN E10MLEVATILIONG(DSHE 

WHERE A4P1XAE) 10/ 87)0 .-

IENRAWGOUDWTE 

2 0 0R 2 0 440 86 .I8 ) MJE E P T R A I L 

SCALERA INTFEET 

~~7 olg • 0 MONITOR WELL. WELL 
Ii ", '0.37) NUMBER, AND MAXIMUM 

,6F1 OBSERVED SELENIUM MAI 
DU OS40RE.CN 

CONCENTRATION (p 
Eil O) 

INTE UP U-4080- POTENTIOMETRIA CONTOURIN,. AND ELEVATION ( DASHED 
PROPOSE ' WHERE APPROXIMATFj(10/87) 

4130 DISPOSAL SITE GENERAL GROUNDWATER 
.t,,, ,,"/'•FLOW DIRECTION 

200 0 200 400 600 ESTIMATED EXTENT OF 

Ia SELENIUM' 'CONTAMINATION 
SCALE IN FEET IN THE UPPER-MIDDLE UNIT 

FROM TAILINGS LEACHATE 

FIGURE D.5.21 
MAXIMUM OBSERVED CONCENTRATION AND ESTIMATED EXTENT. OF. SELENIUM C NA INTO IN HE PPE-MIDDLE HYD ROSTRATI GRAPHIC UNIT, GREEN RIVER, UTAH, TAILINGS SITE



(548 

1 4 )- ( < 0 0 9 3)0 .0 
.3 

I'L 

"Or 81o0 - LEGEND 

s-5'J ~(0.0O5 

------------------------------------------------------ LIGHT DUTY ROAD 
"u -8JEEP TRAIL 

-*---EPHEMERAL STREAM 

40-1l" I• 701 MONITOR WELL. WELL if 1  r ~(3.11) NUMBER, AND MAXIMUM 
81c, Ji,"I DRY,(<4087.0) OBSERVED URANIUMi 

0.038CONCENTRATION (mgl I) 

P R O P-4 0 8 0 P05A TD ENEVTIOME RN CONTOUR 
PROPOSED SITE WHERE APPROXIMATE)(10/87) 

4130 

G- -GENERAL GROUNDWATER DISPOSAL SITE '7. 
- FLOW DIRECTION 

200 0 200 40(f 600 
ESTIMATED EXTENT OF 
URANIUM CONTAMINATION SCALE IN FEET 
IN THE UPPER-MIDDLE UNIT 
FROM TAILINGS LEACHATE 

FIGURE D.5.22 MAXIMUM OBSERVED CONCENTRATION 'AND: ESTIMATED EXTENT OF,.URANIUM':CONTAMINAT( 
.THE UPPER-MIDDLE HYDROSTRATIGRA• UNIT, GREEN RIVER, UTAH, TAILINGS Si\



/

438'

COVER DETAIL SEE 
FIGURE E.2.2 -,

FILL 
-_ RIPRAP TOE

RIPRAP TYPE 0 & 
SFILTER (RIPRAP TYPE A)"

7~~ ~- -___ - - - --- - -K . ? -- - -. -- ~ -_ - -_---

^., . .o- ,. :.¢..... .::,,:...... -_- -.-__- --.. . . .. .- .---- -_--- -: . . . . . . -....... --. .-- -.  
- - - - - - - - --' ----~ ---------------- 

. . . . . .. . . . . . . .. ._ . . ..

20 0 20 60 

HORIZONTAL SCALE IN FEET

FORMATION

0t TERRACE SEDIMENTS

LEGEND

MATERIAL

NOTE: SEE APPENDIX F FOR DETAILED 
PLANS AND SPECIFICATIONS

MATERIALM q Df~mn

SOILS

Kd DAKOTA SANDSTONE

Kcmu CEDAR MOUNTAIN FORMATION 
UPPER-MIDDLE UNIT

Kcml CEDAR MOUNTAIN FORMATION 
LOWER-MIDDLE UNIT

SANDSTONE OR SILTSTONE

BEDROCK
SHALE OR MUDSTONr

0 LIMESTONE

CONGLOMERATE

*A FRACTURES

----- POTENTIOMETRIC SURFACE

FIGURE D.5.23
DIAGRAMMATIC CROSS SECTION OF PROPOSED DISPOSAL CELL AND FOUNDATION 

GREEN RIVER, UTAH, TAILINGS SITE

NE

4200

4180

4160

4140

4120

4100

4080

4060

4040 J 
ELEV. IN 

FEET

SW

0

I

L_

4k

S....... V



438'

COVER DETAIL SEE 
FIGURE E.2.2 -4200 1 

4180 - Sc 
ST 

4160 1 

4140 

4120 

4100 

4080

40601 

4040 " 

ELEV. IN 
FEET

20 0 20 60 

HORIZONTAL SCALE IN FEET

FORMATION

;NOTE: SEE APPENDIX F FOR DETAILED 
LEGEND PLANS AND SPECIFICATIONS

MATERIAL SYMBOL

at TERRACE SEDIMENTS

Kd DAKOTA SANDSTONE 

Kcmu CEDAR MOUNTAIN FORMATION 
UPPER-MIDDLE UNIT 

KcmI CEDAR MOUNTAIN FORMATION 

LOWER-MIDDLE UNIT 

SFRACTURES 

•---- POTENTIOMETRIC SURFACE

SOILS [] 
f[I

BEDROCK

SANDSTONE OR SILTSTONE

Ljj SWALE OR MUDSTONE 

] LIMESTONE 

CONGLOMERATE

FIGURE D.5.23 
I)IAGRAMMATIC CROSS SECTION OF PRr 'SED DISPOSAL CELL AND FOUNDATION 

GREEN RIVER,\. A;H, TAILINGS SITE

- --- - - --- --- --- - - -
. . . -__ -- -• -l -_:__--/--" .. -".:' ::'" ""----...-.. ''::::--.---" '-"- --- ------------ - -- ----- --I----------..- -- ----- -- --.- <. .  - - - - - - - - - - - -.• :•.•.:••. .:::::: :::::........:.•...•.t : . , _ - _ _ •.:":' . . .. = -_ --- _ - - -= - = - - -- - - -

SW

SYMBOL



NOTE: SEE SECTION E.2.2 FOR DETAILED DESCRIPTION 
OF COVER COMPONENT PROPERTIES; Ksat-SATU
RATED HYDRAULIC CONDUCTIVITY. Kunsat -UNSATURATED 
HYDRAULIC CONDUCTIVITY; cm/sec- CENTIMETER PER SEC; 
SEE FIGURE E.2.1 FOR LOCATION OF THIS DETAIL 
IN RELATION TO THE DISPOSAL CELL.  

FIGURE D.5.24 
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Table D.5.1 Water quality standards and maximum concentration limits 
applicable to the Green River UMTRA Project sitea

Proposed EPA 
groundwater 

maximum EPA National Drinking State of Utah 
concentration Water StandardsC Drinking Water 

Constituent limitsb Primary Secondary Standards 

Inorganic 
Chemical 

Arsenic 0.05 0.05 0.05 
Barium 1.0 1.0 1.0 
Boron 0.75 
Cadmium 0.010 0.010 0.010 
Chloride 250 250 
Chromium 0.05 0.05 0.05 
Copper 1.0 1.0 
Iron 0.3 0.3 
Lead 0.05 0.05 0.05 
Manganese 0.05 0.05 
Mercury 0.002 0.002 0.002 
Molybdenum 0.1 
Nitrate 44 44 44 
Selenium 0.01 0.01 0.01 
Silver 0.05 0.05 0.05 
Sulfate 250 250 
Zinc 5.0 5.0 
TDS 500 500 
pH (standard units) 6.5-8.5 6.5-8.5 

Radionuclides 

Ra-226 and 228 5.0 pCi/l 5.0 pCi/l 
U-234 and 238 30 pCi/l (0.044 mg/l) 
Gross alpha 15 pCi/l 15 pCi/l 

aConcentrations are given in mg/l except as noted.  
bproposed EPA groundwater standards and constituents most commonly asso
ciated with uranium mill tailings for UMTRA Project sites; 40 CFR 192.  
Proposed standards also include a list of hazardous organic constituents, 
plus antimony, beryllium, and thallium, that are not normally associated 
with uranium mill tailings or are present in very small quantities; these 
additional constituents do not have associated maximum concentration
limits. See Appendix VIII of 

CEPA National Drinking Water 
40 CFR 143.

40 CFR 261.  
Standards: Primary, 40 CFR 141; Secondary,
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Table D.5.2 Monitor well data, Green River, Utah, tailings site

North East Borehole Well casing Screened Interval 
Location coordinate coordinate Elevation Deptha Diameter Elevation Deptha Diameter deptha length 

ID (ft) (ft) (ft) (ft) (in) (ft) (ft) (in) (ft) (ft) Flow relationship 

Formation of completion: Alluvium (tcp unit) 
563 60760.1 60003.5 4079.70 16.0 2.0 4081.10 16.0 2.0 10.0 5.0 Upgradient 
564 60917.7 58100.1 4064.60 11.0 2.0 4068.10 11.0 2.0 5.0 5.0 Downgradient 
702 60355.8 59295.1 4081.80 43.0 8.0 4082.60 26.0 4.0 15.0 8.0 On-site 
704 60556.4 58941.0 4080.70 23.0 8.0 4082.10 23.0 4.0 15.0 8.0 On-site 
705 60640.1 58665.7 4076.10 20.0 8.0 4078.30 20.0 4.0 14.0 6.0 On-site 
706 60779.0 58379.2 4069.80 34.0 8.0 4070.90 18.0 4.0 8.0 6.0 Downgradient 
707 60750.9 60224.0 4081.80 37.0 8.0 4083.10 16.0 4.0 9.0 6.0 Upgradient 
708 60605.4 59218.6 4073.10 11.0 8.0 4074.70 11.0 4.0 7.0 4.0 Crossgradient 
808 60317.9 59333.8 4082.27 25.0 8.0 4084.27 25.0 4.0 13.0 10.0 On-site 
821 60689.9 57916.6 4065.32 7.0 2.0 4068.32 7.0 2.0 2.0 5.0 Downgradient 

Formation of completion:b Shale (upper-middle unit, Cedar Mountain Formation) 
583 60462.5 57425.9 4065.60 56.5 6.0 4067.10 56.5 2.0 34.5 20.0 Downgradient 
584 60654.2 58236.8 4072.10 50.0 6.0 4073.60 50.0 2.0 29.5 20.0 Downgradient 
585 60925.6 57423.5 4067.60 50.0 6.0 4069.10 50.0 2.0 39.5 10.0 Downgradient 
701 60330.9 58929.2 4087.00 57.0 8.0 4087.20 57.0 4.0 30.0 27.0 On-site 
806 60839.6 60243.9 4082.00 67.0 8.0 4084.00 67.0 4.0 55.0 10.0 Upgradient 
807 59155.2 58668.8 4139.14 100.0 8.0 4141.14 100.0 4.0 78.0 20.0 Upgradient 
809 60371.1 58519.2 4080.30 70.0 8.0 4082.50 70.0 4.0 48.0 20.0 Downgradlent 
810 60011.6 57868.6 4098.76 80.0 8.0 4100.76 80.0 4.0 58.0 20.0 Downgradient 
812 59740.3 59350.1 4142.75 59.0 8.0 4144.75 59.0 4.0 46.0 10.0 Upgradient 
814 59377.7 59412.5 4143.03 60.0 8.0 4145.03 60.0 4.0 48.0 10.0 Upgradlent 
816 59392.3 59003.8 4141.26 60.0 8.0 4143.56 60.0 4.0 48.0 10.0 Upgradlent 
822 59366.8 59003.0 4140.64 35.0 8.0 4143.14 35.0 4.0 13.0 20.0 Upgradient 
823 59408.0 58450.5 4132.86 30.0 8.0 4135.06 30.0 4.0 17.0 10.0 Upgradient 

Formation of completion: Sandstone and conglomerate (lower-middle unit, Cedar Mountain Formation) 
561c 59838.7 58028.8 4108.70 143.5 6.0 4111.20 143.5 2.0 111.0 30.0 Crossgradient 
5 6 2c 59585.9 59014.3 4143.60 130.0 6.0 4147.70 129.5 2.0 87.5 40.0 Upgradient 
581 60450.2 58932.9 4083.30 85.0 8.0 4084.60 85.0 4.0 64.3 20.0 On-site 
811 60818.9 60300.0 4082.83 80.0 8.0 4085.33 80.0 4.0 62.5 15.0 Upgradient 
813 59622.2 58669.9 4135.10 99.5 8.0 4136.40 99.5 4.0 77.7 20.0 Upgradient 
815 60738.7 58225.6 4071.53 100.0 8.0 4073.53 100.0 4.0 88.0 10.0 Downgradient 

Formation of completion: Sandstone (bottom unit, Buckhorn Conglomerate Member of Cedar Mountain Formation) 
582 60427.0 57424.8 4065.50 168.5 8.0 4067.00 168.5 4.0 148.0 22.0 Downgradient 
586 59171.8 58915.7 4142.40 166.5 8.0 4143.40 166.5 4.0 145.5 20.0 Upgradient 
587 59177.2 59540.5 4167.90 185.0 8.0 4169.40 185.0 4.0 164.5 20.0 Upgradient 
588 59445.0 57782.7 4112.20 145.0 8.0 4113.50 145.0 4.0 124.3 20.0 Upgradient 
817 60794.8 60347.9 4083.31 145.0 8.0 4085.31 145.0 4.0 113.2 30.0 Upgradient 
818 59145.1 59189.7 4150.58 187.0 8.0 4152.58 187.0 4.0 165.0 20.0 Upgradlent 
819 60583.3 58230.8 4072.70 166.0 8.0 4074.70 166.0 4.0 144.0 20.0 Downgradient

aDepth holow land surface.
'onitor well 703. The bentonite seal breached in this w{ iortly after installation 

ded from analyses.  
and 562 are screened in both the upper-middle and lower-midoie hydrostratigraphic units.

(DOE, 1983) and information from tl(_ 11 hasbEx •l 
been\ 

cWells

J0 

Ln



S..Table 0.5.3 Summary of aquifer hydraulic ch( ,eristics, Green River, Utah;' tailings site

Average Average Monitor Tested hydraulic Average linear 
well Hydrostratigraphic interval Test conductivity transmissivity velocity 

numbera unita (ft)b methodc (ft/day)d (ft2/day)e (ft/day)r 

702 Top 15-23.8 PDg,BRg 32.8 289 0.92 
704 Top 15-21.2 BRg,FK,CBP 54.6 339 1.51 
705 Top 14-18.6 BR9 16.4 75 0.55 
7 0 6 h Top 8-12.5 BR9 3.3 15 NA 
707 Top 9-12.6 BRg,FK,CBP 226.3 815 2.19 
808 Top 15.8-23.0 BR 11.1 79.9 0.92 
583 Upper-Middle 33-53 FK,CBP 2.4 48 0.13 
584 Upper-Middle 28-48 FK,CBP 2.4 48 0.12 585 Upper-Middle 28-41 FK,CBP 0.5 10 0.03 
701 Upper-Middle 52-57 FK,CBP,BRg 17.0 85 0.71 
806 Upper-Middle 55-65 FK,CBP 0.23 4.6 0.01 
807 Upper-Middle 78-98 FK,CBP 0.0068 0.14 ND 
561 Lower-Middle 115-145 FK,CBP 0.0055 0.17 ND 
581 Lower-Middle 63-83 FK,PR 21.6 432 2.7 
811 Lower-Middle 62.5-77.5 FK,CBP 0.22 3.28 0.02 
813 Lower-Middle 77.7-97.7 FK,CBP,PD 4.53 90.8 0.19 
815 Lower-Middle 88-98 FK,CBP 0.37 3.7 0.04 582 Bottom 146.5-166.5 FK,CBP,PR 3.6 72 0.072 
586 Bottom 144.5-164.5 FK,CBP,PR 0.13 2.6 ND 
587 Bottom 163-183 FK,CBP,PR 0.076 1.5 ND 
588 Bottom 123-143 FK,CBP,PR 5.8 116 0.13 
818 Bottom 165-185 FK,CBP 7.6 151 0.17 

aSee Figure D.5.1 for locations of monitor wells. Slug tests were unsuccessful for well 708 and no data 
are available. Well 561 is partially screened in the upper-middle unit. Wells 562 and 703 were not tested. Wells 586 and 587 were grout-contaminated at the time of testing, and hydraulic conductivity values are not representative of bottom unit. Well 807 is screened in the upper-middle unit below the lower-middle 
unit.  

bTested interval is in feet below land surface.  
cpD is pumping drawdown (type-curve) method; PR is pumping recovery (single well) method; BR is Bouwer and 
Rice slug test method; FK is Ferris and Knowles slug test method; CBP is Cooper, Bredehoeft, and Papadopulos 
slug test method.  

dArithmetic average of all applied methods of analysis; wells 701, 704, and 707 have been tested twice.  
eAverage hydraulic conductivity multiplied by tested interval length.  
fAverage linear velocity calculated for silty, gravelly sand (top unit, assumed porosity of 0.30); shale and limestone (upper-middle unit, assumed porosity of 0.15); sandstone and sandstone conglomerate (lower 
middle unit, assumed porosity of 0.20); sandstone/conglomerate (bottom unit, assumed porosity of 0.20) 
(Walton, 1970). NA = not available; ND = not determined.  

gAnalyses by DOE (1983).  
hHydraulic conductivity at well 706 was measured shortly after drilling by DOE (1983), but the well has 
been dry for each sampling period thereafter.
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Table 0.5.4 Triaxial hydraulic conductivities of selected rock core from monitor wells 907, 813, 816, 

and 818, Green River, Utah, tailings site

Depth 
Location Sample interval 

IDa ID (ft)b
Test 
meth. c

Moisture Dry 
content densit• 

(%) (PCF)u 

Init. Final Init. Final

Saturation 
(%) 

Init. Final

Total 
pressure 
head (ft)

Hydraulic 
conductivity 

(cm/s)

807 A 50 (Kcml) IX 1.1 3.5 159.3 159.3 31.8 100 97.0 4.7 x lo-10 

807 B 80 (Kcmu) TX 2.4 5.0 153.4 153.4 47.7 100 95.6 2.4 x 10-11 

813 A 40 (Kcmu) TX 7.6 14.9 137.8 120.7 89.7 100 95.7 1.3 x 10-9 

813 B 65 (Kcml) TX 0.8 4.8 149.2 149.2 17.0 100 4.3 ".0 X 10-9 

816 A 40 (Kcmu) TX 8.5 12.6 133.9 125.0 92.6 100 96.4 3.5 x 10-9 

816 B 65 (Kcml) TX 1.6 7.0 141.8 141.8 22.8 100 4.4 2.4 x 10-8 

818 A 125 (Kcm) TX 8.0 14.6 139.2 123.4 90.5 100 95.0 5.0 x 10-9 

Location/sample ID Depth, ft Unit and visual description 

807--A 50 Kcm lower-middle unit: Silt-stone, light buff to 
gray, moderately well cemented, minor horizontal 
fracturing with iron staining.  

807-B 80 Kcm upper-middle unit below the lower-middle 
sand: Shale, medium gray, moderately well 
cemented, minor cemented horizontal fractures, 
layering, minor pyrite crystallization.  

813-A 40 Kcm upper-middle unit: Shale, dark gray, fissle, 
moderately well cemented, secondary mineralP 
tion in horizontal joints as calcite or gyl 
iron staining.  

813-B 65 Kcm lower-middle unit: Sandstone. silty, very 
fine grained, soft, gray and light brown, minor 
iron staining.  

816-A 40 Kcm upper-middle unit: Shale and mudstone, light 
gray micro-crystalline to dark gray fissle; 
secondary mineralization and iron staining on 
layered surfaces.  

816-B 65 Kcm lower-middle unit: Sandstone, medium brown 
to gray speckled, silty, fine to very fine 
grained, minor mud inclusions.  

818-A 125-130 Kcm confining unit for bottom unit: Shale, 
fissle, moderately hard to soft, dark purple and 
medium gray.  

aSee Figure 0.5.1 for location of monitor wells.  
bKcml = lower-middle unit Cedar Mountain Formation; Kcmu = upper-middle unit of Cedar Mountain Formation; 

Kcm = Cedar Mountain Formation between lower-middle and bottom unit.  
CTX = Triaxial back pressure falling head method.  
dpCF = pounds per cubic foot (lb/ft ).
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Table D.5.5 Groundwater elevations, Green River, Utah, tailings site 

Water elevation a 

Well Elevation June September March October 
number (top of casing) 1986 1986 1987 1987

Top unit 
563 
564 
702 
704 
705 
706 
707 
708 
808 
821 

Upper-middle 
583 
584 
585 
701 
806 
807b 
809 
810 
812 
814 
816 
822 
823

Lower-middle 
561b 
5 6 2 b 
581 
811 
813 
815

4081.1 
4068.1 
4082.6 
4082.1 
4078.3 
4070.9 
4083.1 
4074.7 
4084.3 
4068.3 

unit 
4067.1 
4073.6 
4069.1 
4087.9 
4084.0 
4141.1 
4082.5 
4100.8 
4144.8 
4145.0 
4143.6 
4143.1 
4135.1 

unit 
4111.2 
4147.7 
4084.6 
4085.3 
4136.4 
4073.5

4069.2 
Dry 

4067.3 
4065.2 
4062.9 

Dry 
4070.2 

NS 
NS 
NS 

NS 
NS 
NS 

4062.8 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

4085.8 
4087.5 

NS 
NS 
NS 
NS

4070.1 
Dry 

4068.3 
4065.4 
4063.3 

Dry 
4070.9 
4065.4 

NS 
NS 

4052.4 
4058.8 
4054.7 
4062.7 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS

4084.3 
4088.3 
Flowing(NM) 

NS 
NS 
NS

4069.2 
Dry 

4067.9 
4065.4 
4063.6 

Dry 
4070.8 
4066.7 

NS 
NS 

4051.0 
4059.5 
4055.2 
4063.1 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS

4082.6 
4088.4 
Flowing(NM) 

NS 
NS 
NS

4069.6 
Destroyed 
4067.1 
Clogged 
4062.7 

Dry 
4069.7 
Clogged 
4068.1 

Dry 

4049.6 
4058.2 
4054.7 
4061.3 
4071.9 
4088.4 
4058.6 
4063.0 

Dry 
Dry 

4083.8 
Dry 
Dry

4081.0 
4086.7 
4087.2 
4072.3 
4084.6 
4068.5
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Table D.5.5 Groundwater elevations, Green River, Utah, tailings site 
(Concluded) 

Water elevationa 

Well Elevation June September March October 
number (top of casing) 1986 1986 1987 1987 

Bottom unit 
582 4067.0 NS Flowing(NM) Flowing(NM) 4080.8 
586 4143.4 NS 4085.6 4087.6 4086.9 
587 4169.4 NS 4086.3 4094.8 4097.9 
588 4113.5 NS 4083.1 4086.2 4085.4 
817b 4085.3 NS NS NS 4085.7 
818 4152.6 NS NS NS 4086.4 
819 4074.7 NS NS NS 4080.1 

aNS = well was either not sampled or was not yet installed; NM = not 
measured; Destroyed = surface casing was destroyed and well could not be 
measured; Clogged = well sounder could not be lowered down the casing because 
of an obstruction in the well. The potentiometric surface in the flowing 
wells was measured by shutting the well in and measuring the shut in pressure 
and/or by using a clear plastic riser hose, if possible.  

bMonitor wells 561 and 562 partially screen the upper-middle and lower
middle units; monitor well 807 screens the upper-middle unit below thr 
lower-middle unit; monitor well 817 probably does not screen the bottom unit,
(see text for explanation).
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Table D.5.6 Summary of aquifer hydraulic characteristics for 
the top hydrostratigraphic unit, Green River, Utah, 
tailings sitea

Average 
Monitor hydraulic Average 
well conductivity transmissivity Average linear 

number (ft/day) (ft 2 /day) velocity (ft/day) 

702 32.8 289 0.92b 
704 54.6 339 1.51 
705 16.4 75 0.55 
706c 3.3 15 NA 
707 226.3 815 2.19 
808 11.1 80 0 .9 2b 

meand 25.0 139 1.14 

aLinear velocity is a function of an assumed porosity of 0.30 for silty, 
gravelly sand (Walton, 1970); NA = not available (see Footnote c); 
hydraulic gradient is calculated at each well from October 1987 water levels.  

bAverage of monitor wells 702 and 808.  
CHydraulic conductivity at monitor well 706 was measured shortly after 
drilling by DOE (1983), but the well has been dry for each sampling period 
thereafter.  

dGeometric mean.

Table D.5.7 Groundwater flux within the top hydrostratigraphic 
unit beneath the present tailings, Green River, Utah, 
tailings site

Flux Monitor wells Monitor well Monitor well 
component 702 and 808 704 705 

v (ft/day)a 0.28 0.45 0.17 
W (ft)b 300 275 425 
D (ft C 9.7 6.3 4.4 
Q (fti/s)d 0.0094 0.0090 0.0036 
Q (gpm)d 4.2 4.1 1.6 
Total flux = 4.2 + 4.1 + 1.6 = 9.9 gpm 

aGroundwater velocity.  
bWidth perpendicular to groundwater flow beneath the tailings pile repre
sented by the respective well(s).  

CDepth of flow represented by the depth of water in the respective well(s).  
dGroundwater flux for incremental area represented by the respective 
well(s).
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Table D.5.8 Summary of aquifer hydraulic characteristics for the 
upper-middle hydrostratigraphic unit, Green River, 
Utah, tailings sitea

Average 
Monitor hydraulic Average 
well conductivity transmissivity Average linear 

number (ft/day) (ft 2 /day) velocity (ft/day) 

583 2.4 48 0.13 
584 2.4 48 0.12 
585 0.5 10 0.03 
701 17.0 85 0.71 
806 0.2 5 0.01 

meanb 1.6 25 0.08 

aLinear velocity is a function of an assumed porosity of 0.15 for shale and 
limestone (Walton, 1970); hydraulic gradient is calculated at each well from 

October 1987 water levels.  
bGeometric mean.  

Table D.5.9 Groundwater flux within the upper-middle hydrostratigraphic 
unit beneath the present tailings, Green River, Utah, 
tailings site 

Flux Monitor well Monitor well Average of monitor 
component 584 701 wells 584 and 701 

v (ft/day)a 0.018 0.107 0.063 
W (ft)b 450 450 450 
D (ft)c 34.6 31.1 32.9 
Q (ft3/s)d 0.011 
Q (gpm)d 4.9 

aGroundwater velocity.  
bwidth perpendicular to groundwater flow beneath the tailings pile.  
CDepth of flow represented by the depth of water in the respective well(s).  
dTotal groundwater flux.
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Table 0.5.10 Summary of aquifer hydraulic characteristics for the 
lower-middle hydrostratigraphic unit, Green River, 
Utah, tailings sitea 

Average 
Monitor hydraulic Average 
well conductivity transmissivity Average linear 

number (ft/day) (ft 2 /day) velocity (ft/day) 

581 21.6 432 2.70 
811 0.2 3 0.02 
813 4.5 91 0.19 
815 0.4 4 0.04 

meanb 1.7 26 0.14 

aLinear velocity is a function of an assumed porosity of 0.20 for sandstone 
and conglomerate (Walton, 1970); hydraulic gradient is calculated at each 
well from October 1987 water levels.  

bGeometric mean.  

Table D.5.11 Summary of aquifer hydraulic characteristics for the 
bottom hydrostratigraphic unit, Green River, Utah, 
tailings sitea 

Average 
Monitor hydraulic Average 
well conductivity transmissivity Average linear 

number (ft/day) (ft 2 /day) velocity (ft/day) 

582 3.6 72 0.07 
588 5.8 116 0.13 
818 7.6 151 0.17 

meanb 5.3 103 0.12 

aLinear velocity is a function of an assumed porosity of 0.20 for sandstone 
and conglomerate (Walton, 1970); hydraulic gradient is calculated at each 
well from October 1987 water levels.  

bGeometric mean.
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Table D.5.12 Summary of vertical hydraulic gradients beneath the 
present tailings pile, Green River, Utah, tailings 
sitea 

Upper-middle Lower-middle 
Top unit unit unit Bottom unit 

Top unit -- 0.12 0.38 0.11 
downward upward upward 

Upper-middle .... O.B7 0.16 
unit upward upward 

Lower-middle ...... 0.07 
unit downward 

aGradient values are in foot per foot. Gradients were calculated using 
October 1987 water levels at the areal center of the tailings pile; the 
vertical distance between units was measured from cross section B-B' on 
Figure D.5.3.  

Table D.5.13 Summary of vertical hydraulic gradients beneath the 
proposed disposal site, Green River, Utah, tailings 
sitea 

Upper-middle Lower-middle 
Top unit unit unit Bottom unit 

Top unit (The top unit is not present at the disposal site)b 

Upper-middle .... 0.55 0.03 
unit upward upward 

Lower-middle ...... 0.02 
unit downward 

aGradient values are in foot per foot. Gradients were calculated using 
October 1987 water levels at the areal center of the disposal site; the 
vertical distance between units was measured from cross section C-C' in 
Figure D.5.4.  

bGroundwater is first encountered at a depth of about 60 feet beneath the 
proposed disposal site (near the contact of the upper-middle unit with the 
lower-middle unit).
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Table D.5.14 Description of groundwater samples, Green River, Utah, 
tailings site 

Sample Hydrostratigraphic 
number unit Description of sample location

563 Top 

Top 

Top 

Top 

Top 

Top 

Top 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Upper-middle 

Lower-middle

D-94

Well point, north side of Brown's Wash, 
approximately 250 feet upgradient from 
tailings.  

Well, on-site.  

Well, on-site.  

Well, west edge of tailings, on-site.  

Well, south side of Brown's Wash approxi
mately 900 feet upgradient from tailings.  

Well, between Brown's Wash and tailings, 
crossgradient.  

Well, 60 feet east of well 702, on-site.  

Well, north side of Brown's Wash, approxi
mately 1000 feet downgradient from tailings.  

Well, south side of Brown's Wash, approxi
mately 200 feet downgradient from tailings.  

Well, north side of Brown's Wash, approxi
mately 1100 feet downgradient from tailings.  

Well, on-site.  

Well, upgradient, approximately 75 feet north 
of well 707.  

Well, downgradient, north of mill yard.  

Well, downgradient, in retention structure 
west of mill yard.  

Well, upgradient, center of disposal site.  

Well, approximately 100 feet southwest of 
mill site, west side of road and cross
gradient from tailings.

702 

704 

705 

707 

708 

808 

583 

584 

585 

701 

806 

809 

810

816 

561



Table D.5.14 Description of groundwater samples, Green River, Utah, 
tailings site (Concluded)

Sample 
number 

562 

581 

811 

813 

815 

582

0-95

586

587

588

818 

819

Hydrostratigraphic 
unit 

Lower-middle 

Lower-middle 

Lower-middle 

Lower-middle 

Lower-middle 

Bottom 

Bottom 

Bottom 

Bottom 

Bottom 

Bottom

Description of sample location 

Well, approximately 600 feet south (upgra
dient) from tailings, and 1000 feet east of 
well 561, located on proposed disposal site.  

Flowing well, on-site, between wells 701 and 
704.  

Well, upgradient, approximately 60 feet east 
of well 808.  

Well, upgradient near disposal site, 100 
feet south of water tower.  

Well, downgradient, west of tailings.  

Flowing well, north of Brown's Wash, 
adjacent to well 583 and downgradient from 
tailings.  

Well, approximately 1100 feet south of an.  
upgradient from tailings, located on SOS--' 
disposal site.  

Well, approximately 120 feet southeast of 
tailings and 650 feet east of well 586, and 
upgradient from tailings.  

Well, approximately 1200 feet southwest of 
mill site and 1200 feet west of well site 
and upgradient from tailings.  

Well, between wells 587 and 586, upgradient 

from tailings.  

Well, downgradient, west of tailings.



(Table D.5.15 Chemical analyses of groundwaL'•., Green River, Utah, tailings site 

FORMATION OF COMP0 FTION: 0.URANIUM MILL TAII[INGIS 
HYDRAULIC FLOW RELATIONSHIP( ON-SITE

PARAMFI ER 

ALUMINUM 
AMMONIUM 
ANTIMONY 
ARSENIC 
BARIUM 
BORON 
CADMIUM 
CALCIUM 

CHIORIDE 
CI-IROMIUM 
COBALT 
COPPER 
FLUOR1)DE 
IRON 
LEAD 

MAGNES KUM 
MANGANESE 
MERCURY 
MUOL YBDFIIENUM 
NICKEL 
NITRATE 
NITRITE 
PHOSPHATE 
POTASSIUM 
SELENIUM 
SILICA 
SILVER 
SODIUM 

STRONT IUM 
SULFATE 
TIN 
TOTAL SOLIDS 
URANIUM 
VANADIUM 
ZINC

UNIT OF 
MEASURE 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L.  
MG/L 
MG/L 
MG/L 
MG/L 
MG/L.  
MG(/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
11G/1.  
MG/L 
MG/L 
MO/L 
MG/L.  
MG/L 
MG/1 
MG/L 
MG/L 
MG16/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L.

..LOCATION ID - SAMI LF W0 AND LOG DATE .U . . . . . . . . . .  
714-00 03/12/B7 744-04 0W/1 1/06 

P ARAIli.TER PARAMET rER PARAMETER PARAMETER P ARAMIET ER 
VALUIE+/-UNCI:RTAI Nf Y VAL.U1I+/-UNCE RTAl TiY VAJ.UEs+/-LhJUCERTAI] A4 [Y VALUI-+/-UNCERTA I N[Y VAI.I.):+/-N;UNElR TAI NTY 

6300. 1840.  
14. 11.  

- < 0.003 
0.03 

< 0.4 
0.5 0.  

- 0.032 
457. 30S.  
113. 2900.  

2.61 1.14 
30.9 

- 45.8 
0.1 0.2 

2200. 267.  
- 0.02 

2640. 1090.  
360. 122.  

0.  
0.2 0.10 

- 25.3 
4500. 2.  

0.4 
0.1 

0.19 46.0 
0.092 0.208 

- 60.  
-( 0.04 

89.2 111.  
- 0.1 

56200. 46000.  
-0. 00S 

80000. 26100.  
675. 224.  

178.  
269.



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

IFORMATION OF COMIPL E.IO (IN: A1L.1UlVIUIlM 
HYDI(AUI IC FLOW RELATIONSHIP. UP GRADIfTNI[

PARAMETER 

ALKALINITY 
ALUM INUMI 
AMMONIUM 
ANTI[MONY 
ARSENIC 
BALANCE 
BARIUM 
B ICARBONATE 
BORON 

CA) DMIUM IPI 
CALCIUM 
CHLORW[E 

CHROMIUM 
COBALT 
CONDUCTANCE 
COPPER 
FLUORI)DE 
GROSS ALPHA 
GROSS BETA 
IRON 
LEAD 
M'AC3NES,( LiiM 

MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 

NITRAI E 
N.IT RITE 
ORG. CARBON 
Pr-240 
PH 
PHOSPi IATE 
P0-210 
POTASSIUM 
RA-226 
RA-228 
SELENIUM 
S ILCON 
SILICA 
S IILVF.R 
SOD] i.LI'I 
S IRONTI UIP 
SUIL FAT i:A 

I1-230

UNIT OF 
MEASURE 

MG/L CACO3 
MG/L 
MG/L 
MG/L 
MG/L 

MG/L 
MGi(/L.  M1G/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

UMHO/CM 
MG/L 
MG/L 

PCI/L 
PCI/L 
MIG/L 
MG/L 
MG/L 
MG/L 
MIG/L 
MIG/L.  
MG/L 
MG/L 
MG/L 
MG/L 
PCr/L 

SO 
MGT/L 

MlG/L 
PCI/L 
PCIiL 
MG/L 
MO/L 
MG/L

NGL'I 

PCMfG/L 
I' IG/Lt 

PCiGIL

.... -........ ...... .. L ATION 11)D) - SAMPI I . I AND LOB DATE .. .... - - --..... ........  
S63-0 1 06/04/86 S63-04 09/07/06 663-04 02•/2/17 :63-0 110/02/87 63-0 1 01/10/88 

PARAMEiFTER PARAMETER P iAAMER PARAMETER PARAME rER 
VALUE +/-U0NCFRI Al. NTY VAN F+/-UrCERTA3 Ni Y VALIJI: +/.-UfflNCRi II AIN Y VALUE+/-JUNCE RTAI N VY VAL V.UE/-IN C E RA I N3 Y 

15/ . 182. -38. 165. 162.  
0.4 0.3 0.1 0.1 0.3 
0.4 < 0.4 < 0.1 0.1 < 0.1 
0.003 0.003 - -
0.04 0.04 - 0.01 0.01 
0.46 0.06 - -
0.2 0.2 .

0.3 
) 0.001 

488.  
312.  

0.09 
S500.  

0.0.  
0.6 

0.48 
0.04 

364.  
0.04 

< 0.0002 
0.10 
0.09 

44.  
< 0.1 

7.69 
< 00.1 

( 0.00S 

4.  
< 0.0-1 

4680.  
7.2 

5540.  

49.

O.0 
0.001 

S00.  
240.  

0.0? 
0.07 

62S0.  
0.03 
0.7 

0.20 
( 0.0`1 

367.  
0. 0W 

< 0.0002 
0.44 

< 0.04 
41.  

< 0.1 

7.S5 

0.1 

22.6 

( 0.00S 

7.  
< 0.01 

4830.  
0.6 

5960.  

47.

0.22 

377.  312.  

02, 0.03's 

6500.  

0. 48 

0.59 

347.  
0.03 

0.1 

44.3 

7. 6t; 

42.6 

0.30 

4840.  

5490.  

9.
(

0.4 

410.  
290.  

< 0.01 

8300.  

0.6 
0. 0 

0.79 

340.  
< 0.04 

< 0.01 

34.  

( '1.  

7.20 

16.7 

0.3 
4.4 
0.1• 

1600.  

SSO0.  

"17.

43.  
48.  

0.2 

'I. 0

0.48 

417.  
310.  

0.03 

6S30.  

0.48 
41.  
1.  
"1 .23 

337.  
0.06 

0.20 

23.9 

39.8 

7.S 

17.4 
0.  
0.4 
0.320 

1900.  

S14((

38.  
27.  

0.1 
0.9



Table D.5.15 Chemical analyses of groundwats,, Green River, Utah, tailings site (Continued)

F'ORMATION OF COMPL.ETION: AI.l..UV I.JIM 
HYDRAUI.. IC FLOW ITEI.Ar :iNSIlIP: UP [R.)IJAD: FNI

PARAMI ETEFR 

TIN 
TOTAL. SOLXI)S 
URANIUM 
VANADIUM 
ZINC

IJN (.1T OF 
ML 'AO RE 

MG/L.  
M13/iL.  
MI(G/L.  

MG/L.

L CATION II) - SAMF. NP L I) AND LEG ATE ...............  963-04 06/04/H6 663-0 4 0970/1{36 663-0 02/2//87 W 163.--. 10/02/8/7 63-0 0 V1/10/188 

- ARAMEiEFR PARAMIIETER I AIM'IE T ER P ARIA N TF R PARAMI-.. ER VA LUE. / UNCFIRT I N I'Y V AI L.1i +/ - UN C R TA N rY' VAI..UF_+/--ji LiCl::RTA 1 NFY VAL.II.E +./.-U N[.I:: I:A 1.NTY VAI 1.1 -. UN C I A " N I Y ~~~~~~~~~~~~. . . .. .. . . . . . . .. .. . .. . . ... ... ... .. .. ...... . . . .. . . . . .. . .. .. . : " . . .. • A , Y 

( 0..005 ( 0. 00S 9230. 8800. 9240. 8/40 90,0

0.32 
0.026

0.0 1t04 
0.22 
0. 131

0.0105 0. 0 13 
0.01 
0.026

0.010 S 
0.07 
0.046

( (



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COI'IPI.,-ITION Al I. UVI 1 LM 
HYDFRAUIL C FL.OW IfIU] ATIO INSHF P - ll: GI:(ARADIFI.I

PARAME'TFER 

AL.KAL.INITY 
AI .UM INUM 
AMMO INIUM 

AN I" MONY 
ARSENIC 
BALANCE 
BAR)IUM 
B [ CARBONATE 
BORON 
CAI}M 1UM 
CALC.: II.1M 
C, I1I... 0 I-I. IE) 

CIHR(:IM IUMu 
(2018 AI.. r 

COND)UCTANCE 
C IPI P Ii.R 

FI..UORIDE 
GROSS ALPHA 
GaROSS BETA 

.I RON 

MAGNESIUM 
MANGANESE 
MER01CURY 
MOLYBDENUM 
N IC KI.:EL 
NITRATE 
N .LIRE 1.[I 

ORG. CARBON 
PB-210 
PH 
P•1 IOSPHA ATE 
PO-210 
P0 TASS I"UM 
RA-226 
RA-2281 
SEL.ENI}UM 

S ICON 
SILICA 
S I. I. VI:.R 

S.OD1 tIM 
S I RONTI IUM 
• 1.11I -A F' '' 
5Ill.F..)E 

T 17 M P E. R A I "A 
I H'-230

IUN O T (IF 
MEASURF 

M6/I.. CAC03 
MG/I 

MG/L.  
M'G/ L 
MG/L.  
oz 
MG/.  
I1IG/I...  
MG/I.  
MG/I..  
MG/1.  MGIL.  
MG/L.  
MG/I...  

M'I3i I...  

MG/I...  MBI/L.  

PCI/L.  
1113/1.L MG/I..  
MG/L.  
MG/I.  MG/L 
MG/L 
MG/L.  
MGiL 
MGII/..  

MG/L 
MG/L.  
PCI II 
SU 
MG/L 
PCI/IL 
MG/L 
PCI/I..  
P C .[ / L 
MG/I.  
MG/L.  
MG8/I...  
MG/L.  MG/L.  
MG/I.  
l'lI GL.  

D E~ G I. t

/07-01 0//1S/82 

P ARAME TER 
VALLE+/-.JNCLF RI A INTY 

480.00 
0. 13 

0.01 

< 0,,.10; 

220.00 

0.0 1 
4S0.00 
4:30.00 

0.01 

8640.00 
0.057 
4.00 

200.00 

( 0.0s 
< 0.04 

360.00 

< 0.002 
0.05 

1.00 

7.10 

18.00 
4.00 
8.00 
0. 43 
8.80 

0.014 
1880.00 

$830.00 

2 1.00 
< 0. 10

.. .. I.u AlI ON 11D - SAM .F1 11) AND ILAG ATI: -. ..................  

707-04 09/16/82 707- 04 1/23/82 707.01 06/04/86 /0. 0 09/07186 

P ARAME'TERF P AII A R PARAMETER P> ARAMlE TER 
VRI .LJ '+/ '- UN F[ FtTA I NTY VAL..) 1-4 .)N C FP.TA N I'Y V A 1.. . +/-'UN -FRT A) N TY VAI UI1:: +/- UNCERTA] NI 'I 

490.00 254.00 360. 1/6.  
< 0.01 0.023 0.4 0.2 

- < 0.1 2.4 
- - < 0.003 < 0.003 

0.01 0,006 ( 0.01 ( 0.01 
- - -1.20 0.18 

0.0 1 0.0W 0.3 0.1 
232.00 306.00 - -

S0,6 0.4 
< 0.01 0.005 O0.00< 0.001 

470.00 460.00 488. 520.  
34S.00 $60.00 312. 590.  

0.04 < 0.00S 0.051, 0.02 
- - 0.09 0.07 

9650.00 9440.00 4900.. 6200.  
0.021 ( 0.005 0.05 0.04 

4.00 4.00 0.6 0.7 
- 230.00

O0 0 5 

0.01 
225.00 

0.002 
< 0.05 

14.00 

7.12 

2.1.00 
2.00 
2.00 
0. 104 
6./0 

0.01 
1945.00 

S5632.00 

22.00 
< 0. i0

(

( 0.0S 

( 0. 005 
361.00 

0.002 
< OO 

S.00 

6.93 

18.00 
2.00 

0..124 
6.20 

0.005 
1790.00 

62 10., 00 

16.00 
0. W

0. 18 
0.01 

368.  
0 ,.04 
0.0002 
0.18 
0.09 

411.  
0.1 

7.88 
7O. SR 

19.3 
0.2 
1,.1 
0.005 

0.01 

16s0..  
/. S2

0.2 0-,9

0.04 
< 0.01 

3813.  
0.  

0.0002 
0.06 
0.08 

120.  
< 0. 1 

41.  
0.0 
7.56 
0. 1 
0.0 

26. 1 
0.2 
0.0 
0.069 

8.  
< 0.01 

2000.  
6.  

607;(CK 

i 9, 
0

1.3 

0.6 

0.2 
0.8 

i A



(
Table D.5.15 Chemical analyses of groundwai., Green River, Utah, tailings site (Continued)

FORMATION OF (COMPLETION: AII._UViiUM 
HYDRAULIC FLOW RELATIONSilITP: UP GRADIENT

PARAMETER 

TIN 
TOOTAL SL IDS 
URAN I UM 
VANADIUM 
ZINC"

IJN I f OF 
MEASURE 

MG/L.  
MG/L 
MG/L 
MG/L 

1G/L

707-01 07/1S/82 707-01 09/M6/82 707-01 1 1/23/82 70P0 1 06/04/86 707-01 09/07/86 

PARAMEFER PARAMETEFR PAIRAMEi TEIR PARAMETER PAR!,AMEI ER 
VAILUE./-IJNCFR'TAINTY VAIKIjE+/-I.f l1CFI:RTAI NJ Y VA Y VA. .I-F"/-U.NC(I:NTAJN rY VAI....E+/--UNIJ:.ITAj.Ni Y

908" 00 
0.016 

( 0.0 S

8680.00 
0.0O•0:; 

( 0.05

9560.00 
0.03 

( 0.0s

0.00S 
9420.  

0.012S 
0.29 
0.023

0.005 
9480.  

0.0090 
0. 6 
0.023



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORIIMArION OIF I .. TI Il ) N : A I 1.. IJ V Il.) I' 
HYDRAULIC FLOW REL.A IONSISHIP: UIPI GRADI) FNT

PARAMETFER 

ALKALINITY 
ALUJMINUJM 
AMMON IU iM 
ANT [MONY 
ARSENIC 
BALANCE 
BAR I UM 
1 1 CARB-J(ONATIE 
BORON 
CAi)lM EUM 
CAL..C:IUM 

C-HIL OR IDE 
C;HROJM ]UM 

COIBALT 
CONI)U (ANCE 
COPP ER 
FLIUOR ID[)E 
GRO08S ALP.IA 
GROSS BVTA 
IRON 

LEAD 

MANGANESE 

MERCURY 
MOL YBDENMII 
N.ICKEL 
NITRATE 
NITRITE 
ORG. CARBON 
PB-210 
PH 
PIHOPHA' E 

PO-2410 
P0 FAGS [INJ 

RA-226 
RA-228 
SELFI:N1 ti 
,iII...CON 
SIL ICA 
S [ILVER 
SOl) DIUIJM 
S I'tRUN T I UM1 

SIl .F ATF 
•Sl-F' DE ( 
TEI'IP 1 RA' u}.  
"T'H-230

uINuT OF 
MIEASUREI 

MOI.. CACO3 

"lG/I.
MG/I.  
MOIL..  
17 

MG/L.  
MOIL 
PIG/I..  
MGI/L 
MOIL 

MG/L 
MOIL 

IJMHO/CM 
MOIL 
MU/L.  

PCI/L 
PCI/L 
MG/L 
MOIL 

M(3/L.  
MG/L.  
MG/L 
MG/L• 
IhGll..  

MOIL 
MOIL 
MIG/L.  

MG/L 

SU 

PCIIL_ 
MG/I..  

P C I IL PCIII_ 
MG/I...  

MG/L.  

MG/I...  
11113) 1 L 
MG1/I..  

C' - I)Ft;:it*IFT 
MOIL I'/

.............................. . .... .. I:ATi N - SAM 'I I I) A .G l. A l -. ... ..  
701-01 03/1 :/87 707-01 10/01/087 707-0 1 0 1./4 0/80 70Z-01 0/i W18188 

PARAME'H::.R PAIRAMETEIR P AltAIRIAM1 ETR PARlVAME f'ER 
VAILIf'+/'-JNCI'N RTAl[ NT Y VA I I -. UJCI RI- :, T 'y VAI i+/-'U ;F R1 A y NT Y VALI.tI: +//U JN\CER TA 1N I Y 

261. 159. 160. 166.  
0.2 00. 0.4 0.20 
0. 1 O . 0.1 < 0.1 1 

0.01 0.01 0.02S 

< 0.01

0.6 

42S.  
29S.  

0.03 

4400.  

0. , 

0.013 

0.02 

0.1 

440.  

7.77 

34.2 

0 .034

1920.  

14.0

0.4 

440.  
300.  

0.01 

tS 00.  

0.6 
0.0 
0.0 

( 0.03 

380.  

( 0.01

0.01 

36.  

4.  

7.4 

47.2 

0.2 
4..  
0,,4'2

1790.  

1700, 

17.0

<

541.  
44.

0.1 
I. 0 

(

0.$1 

S09.  
3 10.  

< 0.01 

7480.  

0.47 
7.  

17.  
0.2 

416.  
0.03 

0.20 

8.7 

7. S 

'16.9 
0.  
0.  
0.324 

5820.  

13,.

3B.  
28.

0.4 
0.7

0 . .  
0.006 

407..  
330.  

0.14 

6500.  
0.01 
0.1) 
0.  

32.  
0. '10 
0.01 

33 '1.  
0.02 

< 0.0002 
0.00 

25.  

44.4 

7. S6 

22.2 
C, ,, 0 
0.0 

0.231 

0.01 
1830.  

V..5 
$72(;,

PARA/-. ETCER 
VAtLit: -1 /-tNCER V'A J N I'Y

?7.  
44,

0). 1 
0.7

(



(
Table D.5.15 Chemical analyses of groundwatKe,, Green River, Utah, tailings site (Continued)

FORMATION OF C.]MPLE. (ON: AI..L..UVUIIM 
HYDI:AUI .. C FLO.I REI .AION,:HIP LIP G;RADI) I:f'N"

PARAIMIETER 

TIN 
TOTAL SOLIDS 
UJRAN t.UI'I 
VANAD.I UM 
ZINC:

.IN O:T OF 
M'IEASU RIt E 

I116/I..  
M13/L 
lIG/l.

........ I.... . . . I] N ]1) -- SA E ID A DiPI.E II) D .. .... D 'i".......... . ............  
707-01 03/13/07 707-0"1 i 0/0/07 7)7-01 0/1/ Ol. 701-01 07/18088 

P A I k A M E R P ARAI'IE 1ETR PARAMETER P ARAETER 
V A L1 1 E"/- I NC:EIR T A I H fY V A.I U.- +/- IJN ; F'R:T A IH T Y VAI. .LI- .Ul I:N ( Tl A ]" N'I Y VAI. LI+/-U N C RI A l N I"

9 t130.  
0.0109

9000.  
0.046 

< 0.01 
0.005

9090.  
0.0W67 
0.07 
0. 00/

8980.  
0.0084 
0.07 
0.OOS

(



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FIORMATION OF COMIll ETION: AlI.1U.VIIUMI' 
HYDRAULIC FLOW RII Al1ONSH IP : ON-S 1iTE

PARA MEiTR 

Al K.AI TWI Y ALKALINU'r Al.. IJ II1 NUIM 

AMMON 11 U 
AN'' MI]NY 
ARSE-NIC 

BAL ANCE 
B A I( I fill 
B ICARIONATE 
BOWON 
CAtNIUM 

CAILCIUM 
CHLOR IDE 

COB ALT 

CONDUCTANCE 
COPPER 
FLUORIDE 

GROSS AlPHA 
0GR1100S BETA 
IRON 
LI.E A D 
MAGNESIUM 

MIERCURY 
MOLY13DENUM11 
NICKEL 

NITRATE 
N ITI• I TE 
(IRG,. CARBON 
Vlil-2`10 
PH1 

PIMOSPHATE 
P0-210 
POTASS.[UM 
RA-?,26 
ItA) .'2?,8a 
SVI I.N,1UM 
S[ILCON 
SILICA 

SOD.IJIMI 
SI) 11)NT UM 

f. ?301 0" 

VT I A

UNIT OF 
11EASURE 

I1I0/L CAC03 
MG0/L 
MG/L 
PIG/[.  M1G/L 
MIG/L 

PIG/L 

MIG/L 
MG/L 
MIG/L 
PIG/L 
MG/L 
I•IG /L 
MIG(/L 

MIG/L PCI/i.  

MIG/L.  

11(3,/L MG/i.  
MGI(/L 

MG/L 
MIG/L 

SUJ 
MG6/L 
PCI /L 
MlO/L 
PC]I/L 

PCI/L 

MG/I..  
PIG/L 
MG/L 

MG/L 
M1G/L 
MG/L 
MG/L 

PCG/L C10 I.AARI

S..- .-.-... (ICAI iON :11) -- SAl'II 11) A0i; I.1) lA ..---------------.  
702-01 0//414/82 702-01 09/4 16/02 702-01 06/06/84 702-0 '1 09/0//B36 

A!P AkRAIR )AI W.AMET.R t cARIIFA-METER 
VALUE.-/'-UIN(ERTA) I U Y VAL WII:+/.- Ur1;l- 8' A TY VJAI.U +/-. III E:1.(T N U I Y VALUE. /-UNC FRI(A I N IY 

2415.00 270.00 237. 24W 
0 . 10 0.01 0.3 

-- 241. 24.  S.... 0. 003 
0.01 ( 0.01 < 0.01 < 0.04 

-0.12 0.08 
< 0.40 0.02 -< 0.1 

262.00 329.00 ....  

0.4 
( 0.0'1 ( 0.01 0.001 

470.00 499.. S20,.  
120.00 101.00 Y3. 100.  

0.01 0.01 - 0.02 
. < 0.0s 

4900,00 =560.00 3M00. 3900.  
0.027 0.011 -- 0.03 
2.00 2.00 0.8 0.9 

/00. 00 .

0.01; < 0.041 

'160.00 

< 0.002 
0. O1o 

2.00 

7.20 

144.00 
2.00 

< S. 00 
0.25 

10.60 

0.041 
B30. 00 

3260.00 

26.00 
< 1O..O

0. O.S 
( 0.0'i 

( 0.01 
4S40.00 

0.002 
O.OS 

14.00 

6.95 

144.00 
2.00 

< 2.00 
0.0801 

( 0.0 1 

904. 00 

300Q.00 

416.00 
< 0. 10

0.07 

'122.  
0.3/ 

0.27 

3.  

7.34 

'11.7 
0.  
0.  

0.005 

S9 8.  

3070.  

IS.K

0.'1
0.9

< 0.03 
0.01 

'17S.  
0.4Q 

( 0.0002 
0.09 
0.05 

440.  
< 0.1 

70.  
4.4 
6. 1 

0.4 
'14.11 

0.1 
0. 400 

9.  
< 0).0' 

HO.  

290oi..:,

:3,,

1.6 

0.7 

0.2 
41.0 

.1 11

/02-02 09/(/106 

VALE+ -UN R I A IN I Y 

24b.  
0.3 

24.  
< 0. 003 

0.08 
0<1 

0.4 
0.001 

520.  
100.  

0.02 
O.OS 

3900.  
0.03 
0.9

0.03 
< 0.01 

175.  
0.47 
0.0002 
0.10 
0.05 

440.  
( 0.'1 

70.  
3. S 
6.81 

< 0. 1 
0.2 

14.8 
0.1 
0) 11l 
0.099 

9..  
0.0(1 

800.  

i 2v8

0.7 

0.2 
1 .0



f \

FOR MAT I OIN OF C0MP[I..E' O TON AI.. L U V 1. PI1I 
HY[)DRAULIC FLOWJ RELATIONSHIP: ON-bIT

P ARAMETER 

TIN 
TOTAL SOLIDS 
UIR ANIUM 
VANADI UN 
ZINC

UNIT OF 
MEASURE 

MG/i..  

MG/L 
MG/L 
MG/I.

702-01 07/14/82 702-04 09/46/82 /02-01 06/07186 702-04 09/07/86 702-02 09/07/86 
PARAMETER PARAMEER: PARAMETE [R PAARAME'T.ER PA RAM:-T'LR VAI .UE' -/-'IJN(CFRTA I Ni Y VAL I-lI:+/-UN :(I A1I N I ' VAI II:"+/- -j F(f N Y VAL -UE-•/'-UN(:I~ I(TA ( NI y VAI ...LI1.+/.-.UNCI-:( F A I N I Y 

0. 00iS 0.00S 
4990.00 40/0-0 Sos-. S090. S, 100.  0.90 0.70 0.739 .. 9 < 0.2OS 0. OOS _ K19 _ 0 . 2 4_

0.. 023 0. 023

Table D.5.15 Chemical analyses of groundwatoe,, Green River, Utah, tailings site (Continued)



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

F'ORMATION OF COMP I E TION: AI LUV[IJM1 
HtDRAIL..IC FLOW I.IL A'IONSHHf': ON-SITE

P ARAMF TER 

ALK At IN NITY 
ALIUMI :NUIM 
AMMONULIM 
ANT [IMONY 
ARSEN I. C.; 
HAI ANCE 
BAR TI IM 
El j:CAI:IJ ONATE 
B(IRON 
C ADI'II f. UIM 
CAI CIEIM 

W OI..O. I DE 

COBlAI..T 

CONDI).ICTANCE 
I.COPIJP r ER 
FI..!IURI DE 
G CROSS AILPHA 
GROSS BETA 
IRON 

I'IAI 'NES : I.I 
MANGANES[E 
MER:ICURY 
MOW YODMNUM 

N:ITRATE 
NITR ITE 
ORG. CARBON 
Pl-240 
P1-1 
PIISPHAI E 
P0-240 
PIIAUSSIIJM 
RA--226 
LA-228 

SIFLEN] LIM 
SIICON 
SILICA 
SIL VER 
SOl 1 IUM 
SIRONT I UM 
SUL.F'ATE i Sil..l. F rE 

Sk 111 t- U( 
11H-230

UNIT OF 
MI.ASURE 

MG/[L CAC03 
MG/I..  
MG/L 
1113/L 
MG/L 

MG/I 

MG/I.  

MG/I.  
MG/L 
I'G/L 
MG/L 
LIMH0/[;M 

MG/L 
MG/L 
PCMI/L 
PCI/L 
MG/L 

MO, L 

MG / IL 
MG/L.  
MG/I.  
MG/L 
MG/[L 
MG/L 
PCI/L 

PCI/I.  MG/L 
M 6 / L 

MG/L 
MG/I..  

M13)/L 
MIG/L 
MG/L 

1G/I.  
6/I.  

DI-:GRI F 
, 1;

. . .. I.O Al N I1) - SA!'II I- D AN) I UG DATE 

702-03 09/0/186 702-04 09/0/186 702-05 09/07//6 702-01 01/ 1;/87 

PARAME1TER V ARAMEIlTER P e A*I'ETE.R PAR AMETE.R 

VALUE-/-.JNCEIrA IN FY VAlI.AIF7-/-UNCERrTAINTY VAL.UI'+/-LINi'IRTAl NT Y VAI. LIE+/-I-IJNCEIVtT AI Nf Y 
-~------------------.- - - - --. .. - - -. . . .-. ..-...-.. I...-

( 

(

245.  
0.3 

24.  
( 0.003 

< 0.01 
0. 08 

< 0. 4.  

0.4 
0.00 4 

520.  
100.  

0.02 
( 0.05 

3900.  
0.03 
0.9 

< 0.03 
0.0() 

175.  
0.47 

< 0.0002 
0.09 
0.0S 

440.  
( 0.4 

70.  
4.0 
6.14 

< 0.4 
0.2 

44.8 
0.4 
0.0 
0.099/ 

9.  
( 0.01 

800.  
S. 1 

29100.  

20. 0 
1.6

245.  0.3 
24.  

0.003 
0.04 
0.08 
0.4

0.4 ( 0.00`1 
520.  
100.  

0.02 
0.05 

3900.  
0.03 
0.9 

( 0. 03 
0.04 

175.  
0.47 

< 0.0002 
0.40 
0.05 

440.  
( 0.1 

70.  
4.2 
6.84 
0.1 
0.0 

14.8 
0.14 
0.0 
0.400 

9.  
< 0.01 

800.  
5.5 

2980.  

20.  
1.9

4.9 

0.6 

0.2 
0.8 

( 
0 ,, 9

(

24S.  0.3 
24.  
0.003 
0.01 
0.08 
0.1

0.4 0.001 
520.  
100.  

0.02 
( 0.05 

3900.  
0.03 
0.9Y 

0.03 
< 0.01 

47S.  
0.47 
0.0002 
0. 40 
0.05 

440.  
< 0.1 

70.  
5.2 
6.81 
0.4 
0.3 

14.8 
0.2 
0.0 
0.100 

9.  
0.01 

800.  
S.5 

2980.  

20.  
2ý n1

4.7 

0.7 

0.2 
0.8 

I . 0

27 1.  0. 4 
48:1 

475S.  76.  
0.02 

2650., 

0.. 7 

0.05 

IS0..  
0.43 

< 0.4 

442.  

6.H16 

12.4 

0.049 

767.  

2950.  

14 ..

702-"02 03/ /13/87 

VALý. U E+/-UNCL R-IT A I NT I' 

2/1.  
0.2 

19.  

0./ 

475.  
/6.  
0.02 

2650.  

0./ 

0.04 

'150.  
0.42 

0.4 

142.  

6.86 

12.5 

0.050 

767.  

2950 

14 A•

1.4 

4.2 

0.2 
1.0 

0 . 13



Table D.5.15 Chemical analyses of groundwatt. , Green River, Utah, tailings site (Continued) 

FORMATION OF' COMPLETION: Al LUVIV lMi 
HYDRAULIC FLOW RELATIONSH]P: ON-SITF

PARAMIFER 

TI~N 
TOTAL SOLIDS 
URANIUM 
VANAD [UM 
ZINC

UNIT OF 
MEASURE 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L

-... ... ... .... . . .... ....... ...... LOCATION ID - SAMPI E ID AND LOG DATE ... ... ........... .................. .......  
702-03 09/0//06 702-04 09/0=/86 702-05 09/07/86 702-01 03/ 13/87 702-02 03/ "3/87 

PARAMETER PARAMETF.R PARAMETER PARAMETER PARAMETER 
VAL UE+/-UNCERTAI NTY VALUF+/--UNCF'RTAjNTY VALUF+/-UJNCFRTAIN 1Y VALUE+/-UNC[RAINTY VAI .LJF+/-UNCJ IRIAtN rY 

< 0.005OOS 0. 0S O.OOS 
S090. W100.. S090. 4860. 4860.

4.22 
0.24 
0.023

4.40 
0.24 
0.023

4. 46 
0.24 
0.023

1.96 1.90



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATIION OF COMPI_.FT. N i AI.1I. I 4I uN 
HtYDRAUI. IC FLOU REI. OAIONSHTP (IN-S- 10 F

P ARAMF'TlI:FR 

A t. KA L. I N 'I.TY 

ALUMIJ INUM 
AMMONlI.UM 
AN r MONY 
ARSENIC 

ALANCE 
BARIUM 
13 ICAit.,ONATE 
BORION 

CA.)M EIM 
AI CAILIM 

CIII. )R W E..  
C H R 0 1i IU Hl 
C (O 1.3 A L. r 

CONL) LITANCE 
COIPPER 
FLUIORIDE 
GRLISS ALPHA 
GROSS BETFA 
I RON 
LFAI) 
M AINLES T.I3M 
MANG3ANI.[.SE 
MERCURY 
MOt Y1I3)FNUM 
N I[CKfEL 
NIl TRAIE: 
N ETRIrE 
ORG. (.ARBON 
PB3-240 
PH 
P H"OSP HATE 
PO-240 
P I0 (ASS I UN 
RA-226 
RA-228 
SE.tNJ UM 
S ELCON 
SIt CA 
S H VER 
S(1I) A LIM 
S IR NT .[UM SUL I IATE 

TFN'F.ATI(.  
111-230

UI.I.T OF 
'IF.. -A8U1.RkI 

MOLt.. CAC03 
M'G/L
MG/L..  

MG/I.  
MG/L 
MO/I...  

M(G/L 

IM/I.  
UI'IHO/CMt 

U1,110/1 M MG/L 

PCC 1: /L 
PCI/L 
MG/L 
MUOIt...  MGIL 
PIi3/L 
MG/I.  
MGII_ 

MG/I...  
MG! L 
MG/I.  

M11/I..  
PCI/L 

SU 
MG/L 

MG/I...  PCT/L 

P'C I/L.  

MO/I_ 
MG/L 
MG/L.  MGIL 

I'K13/t.  
MG/I.  
MGII_ 

C - DFGI:FE 
PCI/L

.......... . ............ LOCATION ID -. SAMIIL.I-F A1) AND I1 &)Hi . . ............................................  
702 0:3 0:3/1:3/B7 702-04 0:3/.1:03/7 102-05 03/ 13/87 70)8.01 10/06/187 702- 0. 1 0 i 12/88 

P AIAMI'1i: ' Ei: PAI'AMIi ]'Er ITE(IR P .kH EfER PAlR : A E ER PAIRAMiE'l EIR 
V A..vL/-F UN :If'1i A ) N TY VAI. .) L Ui NtC E:RTA 1 Wr Y VAI. UI:' +/-UNCF RFtA I NTY VAL. -f /-UNCF iAl i N I Y VALI.[. U / UNI RIU I C A R( N l 

271, 274. 274, 26S. 217.  
0.2 0.2 0.2 0.1 0.39 
19. 1s. 19. 42. 24.8 

< 0.01 < 0.01

0.7 

474.  
76.  

0.03 

2650.  

0.7 

0.03 

151.  
0.42 

0.1 

142.

0.7 

474.  
76.  
0.02 

2650.  

0.7 

0.04 

150.  

0.41 

< 0.1 

142.  

6.86 

412.S 

0. 049 

76B.  

2950.  

44.0

6.8B6 

42.S 

0.049

767.  

2950.  

44.0

0.7 

475.  
76.  
0.03 

2650.  

0.7 

0.04 

"ISO.  
0.42 

< 0.1 

142.  

6.86 

.12.  

0.049

0.4 

460.  

( 0.01 

41300.  

0. 8 
4S0.  
14/.  

0. 03 

440.  
0.27 

< 0.01 

SO.  

8.  

6.90 

2. 7 
0."1 
2. 0 
0.040

768.  

2950.  

44.0

90.  
44.

0.2 
1.0

3410.  

16,, 0

0.44 

449.  
86.  
0.02 

4090.  

0.76 
690.  
340.  

0.24 

126.  
0.28 

0.10 

97.5 

79.4 

6. 8.1 

10.4 

0.  
0.3 
0.3"i9

60.  
20.

0. 1 
0.7

006.  

29()k(



"Table D.5.15 Chemical analyses of groundwate., Green River, Utah, tailings site (Continued) 

FORMATION OF COMPI..I([ON: Al..I.UV 1) l 
HYDIIAULIL. IC FLOW Fl-. ATI ONS-]' P: iN--.SiTr

PAFAIRIFTER 

TIN 
TOTAL SOLIDS 
UPRAN I UIIM 
VANAD) IUM 
ZINC

UNIT OF 
MEASUFRIE 

lI A(3) I.  
MG/I...  

MG/L.  MG/I..  

M83/L.

-... . ... ... . - ......... .... (jCA'I']ON ID *- SA PI F: ID AND [(l [) Il.......... .....................  

702-03 0:3"13/87 702-04 03/M43/07 702-0S 03/ 3/87 70201 10/06/87 702 04 0 I /12/88 

P ARAMET ER P ARAME T[ER P AIRLAMI ER P ARAME EIR P ARAMIETER 
VAt LIF+/.-UNCI:RTA1NTY VAI..LUE+/-LINCITAJ NTY VA.L ii-+/-UNIFRTA I NfY VAIL. *,'--UNCF I EAINVT' V1!Iil*.Fi-UNEVAiN!Y

4860.  
2.07

40:60.  
2. 15

4860.  
2.23

S 280.  
0.79 

( 0.01 
0.009

4B20.  
4.09 
0.0 / 
0.006



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPL I._.1ON: AI.I.UIVIUM 
HYDRAULIC FLOW RELATIONSHIP: (N-S1TE

I." A I(AIIIFTE RI 

Atl I<AIJNITY 
ALUMINIUIM 
AMMONIUM 

ANT I'IONY 
A R SIti' N) C, 

BALANCE 
BARIUM 
8 .(CAITOJONATE 
BORON 

CAOM t UN 
CALCIUM 
FLORIDE' 
CHROMIUM 
COBALT 
CONDUCTANCE 
COPPER 
FLUORIDE 

GROSS ALPHA 
GROSS BETA 
IRON 
LFAD 

MAGNEISIUM 
MANGANESF 
MERCURY 

M1101. Y1DENUM 
N ECI"EL 
NITRATE 
NCTRITE 

OR(G. CARBON 
PB-210 

P H 
PHOSPHATE 

PO-210 
POTASSIUM 

RA-226 
RA-228 
SFLENJ UM 
SILCON 

SI1. .CA 
S fLVER 
SOD I UMl 
ST IRONTIUM 
SUL FAI 

1iF iE Hl IX, 
IHII-2 30

UNIT OF 
MI.-:A8IdJRL 

VMG/L CACOI 
MIG/l...  
MG/LL 
MG13/L 

MG/L 
M1(iI..  

MG/I 

MG/L 

UMHO11IC/CM 
MG/L 
MG/L 
PCI/L 

M'G/L 

MG/L MGIL 

MG/I 

MG/L 

MG/L 
PCIiL 

SUl 

MP/L 
PCIIL.  
MG/L.  
PCI/L 
PCI/L 
MG/L 
MG/L 

MG/L 

11(3/I..  

1116 / L.  

MG/L 

MG f/L 

I'I/L.  

pi; 1/i.

. . . . ........... .CATON .ID - SAMPIV ID AN[ LTG D)ATE........ . .................. ........  
704-0.1 0// 14/112 /04-0)1 06/0S/86 704-0( 09/0//B6 70040 1 03/43/87 704-01 0 1/ 2/88 

1) ARAMl- I ELR PARAMIEI I:R P A i ITR PARAMETER PARIAMIE:. 1IER 
VAI [Iff-+/-.IJNCf: PA I 'fl Y V A L1.)J1- UNC F R AT AINT Y VAI .11" + /- I. INC F R' TA 1 JT y V 01. UI /1- 1.)N C'L IVIA 1. NT 1 yVA I UL + U kN C -k I A IN r Y 

400. 00 3681. 390. 376. 350.  < 0.40 - 0.3 0.2 0.37 "44. 3s . 36. 32.i 
0.003 

< 0.01 < 0.04 < 0.01 - 0.01 
-...0.24 -0.09 

< 0. 1 
488.00 

0.4 0.5 O.S

450.00 
300.00 

18460.00 

2.00 

< 0,0S 

280.00 

0.0S 

4.00 

7.90 

16.00 
2.00 

0.0142 

1SS0 . 00 

4 S8f)' 0.00

24.00

258.  

2850.  

4. 4 

200.  
480.  

0.09 

2311 
0.98 

20.  

104.  
1.  
7.16 

0.4 
48.7 

< 0.005 

1290.  

4200.  

15.  
0.

110.  
60.  

0.9 

0.6 

0 .

0.00i 
531.  
480.  

0.02 
0.06 

6400.  
0.04 
4.2 

0.03 
0.0C1 

247.  
0.40 
0.0002 
0.14 
0.0S 

350.  
< 0.1 

70.  
1.S 
7.11 
0.4 
0.0 

20.0 
0.0 
0.0 
0.092 

40.  
0.01 

2010.  
6.6 

S290.  

22.  
i.,

0.6 

0.2 
1.4 

0.7

43A.  
22S.  

0. 02 

0.05 

220.  
0.$5? 

< 0.1 

167.  

7.15 

32.0 

( (.'.002 

4040.  

5150.  

14J.)

4199.  
220.  

0.02 

6780.  

4.09 
490.  

150.  
0.2 

20S.  
0.34 

0.47 

5/.  

442.  

7.0 

0.  
0. 4 
0.223 

1690.  

143.  

43.",-

60.  
30.  

0.1 
0.7



Table D.5.15 Chemical analyses of groundwatt , Green River, Utah, tailings site (Continued) 

FORMATION OF COIMPL..ElT ,ON: Al .I..IJV 1lM 
HYDRALILIC FLOW REL. ATIONSHIPI: PON-'S].IE

PARAMFTER 

TIN 
TOTAL SOLIDS 
UJRAN IU.1M 
VANADIUM 
ZINC

UNI T* OF 
ME AS URFE 

M 1)3/ L 
MG/L MG/L

MG/L 
MG/L

......... . ..... ....... .. .............. L. AT N O - SAMF-I .IE )i AND L.G DAT -........D..  
704-0 1 0/ 1.'#/82 /04-04 06/05/06 704-04 09=/0/86 704-0. 03/.:1/07 704-01 0 1H/ 1 21B/ 

P ARAM METER P A It A i F.R P ARIAME I ER P ARAM'"ETER P ARAMIT ETR 
VALiUE +/-UNCEIR A I. NTY VAI UF./-UINCERTA INF Y V ALIUEU/-NF CI.",:A I N T'Y VAI ULE!/ .-. U NC:T A I [TY V A LUF +U/-LNCE RTA I N 1Y 

- .-- .O.. .O ....  

742.0. 00 850. 18490. 8090. 7810.
0.70 

< 0.05
0.288B 
0.24 
0.023

0.411 
0.07 
0.0 42!

K



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FOSORMATION OF CLIMP I iON AL...OVI..VU 
HYDRAULIC FLOW RL'I.AFIONSHIP: ON-SIT.-.

PARAMETER 

ALKALINITY 
ALIUMJI NUM 
AMtMON IUM 

ANT IMONY 
ARSENIC 
I:BAL..ANCE 
BARIUM 
BICARBONATE 
BORON 

CADMIUM 
CALCIUM 
CHLORIDE 
CHROM IIUM 
COBALT 
CONI)DUCTANCE 
COPPER 
FL.UORIDE 
GROSS ALPHA 
GROSS BETA 
IRON 

LEFAD 
MAGNESIUM 
MANGANFSE 
MERCURY 
Mt.X YBDFNUM 
N ECKEL 
NI TRAT'AE 
NITRITE 
ORG.. CARBON 
PIH-2 10 
PH 
P HOSP HATE 
PO-210 
POTASSIUM 
RA-226 
RA-228 
SER E2NI U8 
SILmCON 
SI ICA 
SI .. VER 
SOD IUM 
STR0 TIUM 
S0I.II F ATE 

SUL.F IDE 
TI0-0RA 
I1H-"230

U NI: r 01.:'
MEASUIRE 

MG/L CAC(23 
MG/L 
MG/L 
MG/L 
MG/L 

MG/L 
MiG/L 

M I/1..  
MG/L 

M(,/L.  
MG/L 
MG/L 
MG/L.  

UMHG/CM 

MG/L 
MLI/L 
PCI/L 
MG/L 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

MG/L 
MG/L 
MG/L 
PCI/L 
SU 
MGiL 
PCI/L 
MG/IL 
PCI/L 
VCI/L 
MG/L 
MG/L 
M'/L 
MG/L 
MG/I..1 
MG/L 
MG/I..  
MG/L 
C - I)FRF.F 
PC /I...

LOCA' JON 1I) - SAMPLF AD AND LTG DATE ... ........-........  
701-04 07/1S/82 /05-01 O9/46/02 05-04 06/06/86 /06-01 09/07/86 /05-0 1 02/24/87 

P ARAMWE ER P ARAIiE 'ER P A;:AMli:. I R .ARAME TER oRr.F, ME.ER 
VALUIF+/--UNCFRTAINrY VAL-UE +/-UNCI.J.N IF A1N fY VALIUF+/-UNCFUR A I JTY VAI UE.+/-UNCERT AIN NY VALUE+/--.UJN(+;:d(1 (AIN rY 

250.00 244.O0 294. 290. 346.  
0.27 < 0.01 - 0.4 < 0.1 

- - 27. 41. 8.0 .. ( 0.003 
0.01 0.01 0.01 < 0.01 

-. 0.09 -0.04 
- 0.044 -' 0.1 

306.00 298.00 ....  
S0.6 

0.35 
S 0.01 - 0.00 -.  

450.00 490.00 456. 483. 413.  
400.00 324.00 324. 140. 369.  

- < 0.01 - 0.02 0.04 - - 0.08 
45400.00 8960.00 4900. 6200. 4100.  

- 0.024 0.04 
4.00 < 4.00 0.8 0.8 0.63

( 0.05 

280.00 

0 .OS 

4.00 

7.20 

46.00 
2.00 

0.023 

4680.00 

$1440.00 

48. 00,

0. Oro 
< 0.01 

330.00 

0.002 
( 0.0"O 

6.00 

7.13 

48.00 
< 2.00 
< 2.00 

0.044 
6./0 

0.01 
4840.00 

5024.00 

49.00 
0.)40

0.07 

268.  
0:02 

0.24 

3.  

7.46 

49.4 

10. 00O 

2400.  

5930.  

1s.

0.06 
( 0.01 

346.  
0.03 
0.0002 
0.46 
0.10 

22.  
< O 

7.31 
0.4 

20.4 

< 0. 005 

7.  
0.01 

2090.  
6.6 

6420.  

18.

0.05 

31S.  
0.03 

( 0.1 

8.9 

7.34 

1/. 0 

0.44 

2450.  

649 

44.



/

FORMATION OF C)MPII:.TON: AI..I.JV ruJr 
HYDRAUII IC FLOW R1..ArI'ONSGII: ON-S''-..

PARAIMIETER 

TIN 

TOTAL SOLIDS 
URAN I 1PM 
VANA0IJM 
ZINC

UNIT 01: 
MEASUL~ 

MG/L 
MG/L 
MG/L t'GIL 
lGIL.,

LOCATION ID - P. ID AND) LUG I'll) ........'.... . . ......... ...........  105-`0 1 07/IS182 70S-01 09/16/F.;2 70S -01 06/06/86 70-() S0 09/07/86 705--0 1 0/'/24/8•' 

P ARAIAIER P AR dllEJ ER P (RAhI'IEfER P AiR A VlE TER I.) ARA~'l H-E R V AL.u:I-+ UN;, ..... ;...f(TAA. .N rfY VA .E+ /-LJN(: I.IAIN FY VALUE" +/-LLNC I RiA Ni Y VAL..LI[+/-lUNC RTAIN Y VAI...U-:.-+/--UNCI *RTA I NI Y 

< 0. OOb 8390.00 8180.00 9870. 9730. '10400-
V. kilt 

< O.OS < 0.0OS 0.0419
0.0241 
0.027

0. O")/

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued) (



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued) 

FORMATI:FN OF COMPI.LETION: AL.ILUV[IUM 
HY)RAUI 1C FLOW REONATIOM8H1P: O11"S]'I-

PARAMF1ITER 

Al. KAL] N ITY 
ALUIM NUIM 
AMMON'IJM 
ANT EMONY 
AIIS E N:1 C 
BAL.ANCE 
BARIUM 
B [CARItUNATE 
ElO(RON 
CAOM (IUM 
CAl., C INII 
CIILOII IDE 
CHROMJ 1.M 
COU ALT 
CONDUCTANCE 
COPPER 
FLUOR 1IDE 
GROSS ALPHA 
GROSS BETA 
IRON 
L.FAD 
MAGNESI.U: M 
MANGANFSE 
MERCURY 
11O1. YBDE.. NUM 
NICKEL 
NITRATE 
N [WRITE 
ORG. CARBON 
(P0-2 10 
PH 
PH OIISPIHAI E 
PO-210 
P 0 T A SS I U M 
RA-226 
R:A-220 
SELENtIUM 
SI'LCON 
S3LICA 
S [ I.VE 

SOD IUM 
SI RON 11 IM 
SIll I-ATE: 

SUI..F IDlE:t 
T'-2MP FlA3i 
ltt"? 30

UNIT OF 

IMG/L.. CAC03s 
MG/L 
M1(3/I...  

MG0/I_ MG/L 

MG/I..  

MG/L 

1113/1..  

I'I (3/I1.  
M1G/L 

MG/L.  MG IL 

MG/L 
MG/L 
MI'i/L 
PMI/L 
M1G/L 
MG/L 

MG/IL 
IIOG / L 
MG/L 
Ill /L • 

MG/L MG/I_ 

MG/L 

MG0/I..  

P- C I / L 

MG/L.  

P C I L 
PCI/L

MG/I.  
MGiI_ 
MU/L_ 

MG/L 
MO/I..  

MG/L.  

IP> i/I.

†-. ---- * --- ' (:i'u ( IOý1 lN I D -- 5A WI'F' I: D ANMD L.03 0 ~ i 1)... M. . . . . .  

70S'-01 10/06/87 70S-() I 0).1/12/88 70S-0.1 07/21/88 08-01 .10/23/87 808-02 W0/23/87 

PARAME'ER PARAEE P (IAI1:.l.I A E rP'M1L." E R PI(AI'IIR EER PIARAMET ER 

VAI..IIF+/-UN(;I:IfA.i.NT Y UAo l.J['/-IN.hCEf-l AIN TY VAL.Uf:+/-- INCII.'R'l A 1.N rY VAI .IiFl+/'-.UNCE RTA] NI P Y VALUES./.+I/.NCI T :TA I N TY 

302. '.33S. 267. 270. 270.  

(01. 0.37 0.19 0.,1 0.'1 

42. 36.1 35. 19.1 1B./

( 0.01 

0.4 

420.  
360.  

( 0.01 

9000.  

0.8 
141.  
76.  

< 0.03 

3 10.  
0.01 

0.03 

11.S 

13.  

7.2 

16.3 
0 . S 
1.2 
0.00b 

2300.  

16'0C.,

0.0 2

68.  
57.

0.3 
0.9

O .S 

428.  

370.  
0. 02 

9070.  

0.66 
59.  
93.  
0.22 

31S.  
0.03 

0.24 

3.. 5 

97.3 

7.18 

17.7 
0O. I1 
0,.1 

0.367 

2540.

.15.

44.  
33.

0.4 
0.. ,8

K,

0. 0 18 

0.01 

0.4/ 
0.072 

366.  
)320.  
0. 4'3 

6S00.  
0.0 .  
0.7 
0.  

26.  
0.09 

< 0.01 
24B.  

0.02 
0.0002 
0. 09 

1.9 

74.6 

7.26 

.197 

0.0 
0.S 
0.137 

0 .0? 
4920.  

5950.  
< (0. i 

.16. C,

73.  
40.

0.1 
0.7

0.01 

0.4 

530.  
.10 .1 

0.01 

4S00.  

0.6 
980.  
310.  

0.03 

16S.  
0.81 

0.01 

137.  

12.  

6.8 

10. S 
0 .0 
(). i 
0.32

'120.  
56.

0)..4 0.,,9

17. 0

0.4 

520.  
'100.  

< 0.01 

4000.  

0.7 

< 0.03 

161.  
0.45 

( 0.0 1 

43.  

6.8 

40.5 
0.2 
0.2 
0.31 

700..  

17.0

130.  
88.

0.1 
1.0



"Table D.5.15 Chemical analyses of groundwate., Green River, Utah, tailings site (Continued) 

FORPIATION OF COMIPLE.TION: A0VI...IVJ111 
HYDRAULIC. FLOW RIE:LATIONSHIP: ON-SITE

PARAMIFTER 

TIN 
TOTAL SOLIDS 
URANIUM 
VANADIUM 
ZINC

JNT IOF 
MEASUI.IRF 

MG/L 
MG/L 
MG/L 
MGiL 
MG/L

. .. . .. . .. . .. ... .. . .. . LOCATIIN 1 -- SAIPIF I1lb AND L[OG DATE -. . . . . . .... .. ....  
70S-01 i10/o6/87 70S-01 01/ 12/88 705-04 07/21/88 808- 01 10/23/87 800-02 40/23/d/ 

PARAMIFTER PARAI•ITV R PA IZ t)III FER RARAMVTER PAIAMoHEC R L........  
VALULIE+/-UN C FRTAi) NTY VAL .UF+/-UNC; RI AINTY VA LUF+/-LUNCI: A I TAIN TY VA UL './-)NCERI A INTY VAL UI1:+/- UNCERTAJ NI Y

10400.  
0.001 
0.01 

< 0.00S

'1018300.  
0.0617 
0.07 
0.00/

9230.  
0.0521 
0.07 

< 0.005

4980.  
1 .31 
0.04 
0.036

4960.  
1. 64 

< 0.01 
0.042

K



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: AI.LUVIUM 
HYDRAULIC FLOW REL. ATIONSHIJP ON- SITE

PARAMETER 

ALKALINITY 
ALU.INUM 
AMMONIUM 
ANTIMONY 
ARSEN] C 
HALANCE 
BARIUM 
B IC6ARlINATE 
BORON 
CADMIUM 
CAL CIUM 
CHLOGRIDE 

CHROMIUM 
COBALT 
CONDUCTANCE 
COPPER 
F1 UORIDE 
GROSS ALPHA 
GROSS BETA 
IRON 
LFAD 
MAGNES I.UM 
MANGANESE 
MEIRCURY 
MOLYBDENUM 
NICKFL 
NITRATE 
NITRITE 
ORG. CARBON 
PB-240 
P H 
PHISPHATE 
P0-210 
POTASSIUM 
RA-226 
RA-228 
SELENiUM 
SWILON 

SI1 ICA 
SELVER 
SODIUM 
STRI)NT UUM 
Sil FATE 
yITEMPERA.I L( 

TH-230

UNIT OF 
MEASURE 

MG/L CAC03 
IG13/L 
MG/L.  
MG/L 
MG/L 

MG/L 
11(3/L.  
l'It/L 
MG/I.  

I')G/L 
MGi/L 

MG/L.  
MG/L 

UNIO/I.  MG/L MG/L 

PCI/L 
PCI /1.  
MG/L 
MO/L 
MG/L.  

PCI'-/L
PCG/L 
MG/L.  

MG/L 

MG/L.  
MG/L 

MG/L 
MCI/L 

MG/L 
PCI/L 

MG/L 

PC 1/I 
PCI/L 
MG/L 

MG/L.  
MG/L 
MG/L MUG/L 

I GL.  
C .. DIGR 
PC EAL

.. I. ,.(A)TJON ID -. SAMPLF Ill AND L06 DATE ......... .. ................  
808-03 401231/7 808-04 10/23/87 808-05 10/23/8/ 8080 1 01/44/808 808-02 0i/ 1/1/8 

PARAMEl ER ...I. PAAI'IETER .. AI(AMIIEF IR PARAMETER PARAWII ER 
VALUE+/-UN CITA] NTY VAI UF-+/-IUNC ERT A IN IY VALUF. /. f UNCNFRTA I HTY VAI.UI: +/-IUNUCERTA I NJ Y VAI.U:. +/-UNE RTA . NI Y 

270. 270. 270. 226. 226.  
( 0.1 0. 1 < 0.4 0.38 0.39 

48.7 48.9 48.9 19.4 18.6 

( 0.01 0.01 < 0.04 0.04 < 0.01

0.4 

540.  
99.' 

4S00.  

0.7 
700. 11S.  
450. 75.  

< 0.03 

157., 
0.46 

( 0.01 

429.  

42.  

6.8 

0.1 0.1 
0.0 0.9 
0.35

690..  

3000.  

17.0

0.3 

460.  
98.  

< 0.04 

4500.  

0.7 
1020.  
440.  

( 0.03 

156.  
0.4S 

( 0.01 

442.  

12.  

6.8 

10.F 
0.0 
7.S 
0.30

670.  

3000.  

17.0

460.  
480.

0.4 

490.  
102.  

( 0.01 

4500.  

0.8 

810.  
3701.  

( 0.03 

IS0.  
0.49 

0.01 

434.  

8.  

6 .8 

`10.S 

0 .0 
0.0 
0.3S

0.2 
1.6 

(

110.  
59.

0. 1 
0.9

660.  

3000.  

47.0

0.47 

460..  
83.  
0.01 

4020.  

0.72 
9S0.  

400.  0.2 

133.  
0.56 

0.10 

70.  

76.  

7.0 

10 J.  
0.  
0. 1 
(.S02

60.  
20.

0.1 
0.8

702.  

14. i

0.45 

452'.  
/8.  

0.01 

4020.  

0.73 
900.  
SO0.  

0.2 

130.  
0.55 

0.41 

69.  
77.2 

7.0 

`10.5 
0.  
0.4 

0.428 

593.  

2S1/ 1 
250,

60.  
20.

0. 1 
0.8



( I(I Table D.5.15 Chemical analyses of groundwatt , Green River, Utah, tailings site (Continued) 

FURMATI:ON OF C'JIMPL ET.ON: AI0 01 l)[VI[UM 
HYDRAULIC FLOW Ri LATIOWN;HIP : CN-S ITE

PARAMETER 

TIN 
TOTAL SOLIDS 
URAN]U IM 
VANADIUM 
ZINC

UNIT OF 
MEASURE 

MG/L 

MG/L 
M'1G/L 
MG/lL

†.... ........................ . LOCATION ID .- SAMPlE It AND LOG DATE ........... .... .....  808-03 10/23/87 808-04 10/23/87 H08--0S 40/23/87 808.01 0 1/ 11/88 80i-02 0 1/1 1 U88 

PARAM1ETER P Ai PARAMETER PARAMETER PARAMETER PARAMEFER VALUF+/-UNCI? RTIAI NTY VALUE+/-UNCERTAIN1fY VALUE+/-UNLERTA1N WV E/--NCFR IN TY VALU.IIE+/-UJNCI: ItI AIN NY

4970.  
1.23 
0.01 
0.029

4990.  
1.67 

< 0.01 
0.028

4960.  
1.67 

< 0.0 1 
0.035

46"10.  
1.67 
0.06 
0.046

4640.  
1.80 
0.06 
0.0 14

C



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

Ft0RU'IAI I 'I:ON OF I 1MPI. IT' rON : A I. L I.)V1.1M 
HYDRAtiI IC FLOW FEI...ATIO 1NSH1H:1: ON-S ITl

Al.. I(At. I NI TY 

AMMON: OIN 
ANTIMONY 
ARSEN IC 
IJAI..ANCE 
BARIUM 
B ICAI:UONATE 

CAl-CIIIM 
CH1I Oi.R 11) E 

COB ALT 
CONI)IJCTANCE 

FI.ORIDE 
GROSS ALPHA 
GROSS BETA 
I[R ON 

LEAD 
MAGNESIUM 
MANGANFSE 

MOI YIODI)::NU M 

N [CIK(EL 
N I TR1ATE 
NITRITE 
ORb. CARBON 
P1 o-210 
PH 
P HOSPFHATE 
PO-2•0 
POTASSIUM 
RA-226 
R:(A-228 
SELEN I MIM 
S ILCON 
SILICA 
SILVER 
SOD IiM 
STRONT IUJM 

SUL FATE 

TEMP ERA"I 
"I H-. 230

UNIT OF 
MIEASURE 

MG/L CACO3 
I'IG)/I..  MG/L.  

MG/I.  
MG/L 
7,, 

MG/L 

MG/L 

I'1I3/L 
MG/L 
I G I/ L 

(111H3/i.  

MG/L 
LIMO/L 

Mi'3/I_ 

PCI/L 
PCII1.  

MG/L 
MG/L 

MG/L 
MG/L.  
MG/L 
MUiI...  
MG/L 

M G) /IL 
PC [/L.  
MGiL 
M'G/L.  

PCI/L 
MG/L PCE/L.  

MlG/L 
MI;/L 
MG/L MG/L 
MtG/..  
MG/L 

"MG/L 
"Ifi.3/ 

:- DEGREE 
1 311/ I.

•-.... . .................. I..OCp''.I ON ILD *- SThWii I Di AND) LTG L) . -- * -- .. . . .. . .  

B0O-03 0`1/11/88 800-04 04/11/88 HOO-0S 01/ 1/81 

I'ARAIMFII T EkI, PARAMETER iP'RIAKFElR P A R. AH 1: 1 KI ER IVAkI'LM I ER 
VAL.UE+/-LINCFRTA NTY VAI.UIF+/-UNCFR(TA] JNI VAI .+/-UN--RI Ai 1 irY VAI IFJ+/-UNCI I,'IA IN*I Y Vol(. U IIiUNCIIE R'I A. t I Y 

226. 226. 226.  
0.4 0.4 0.4 

18.6 18.6 18.6 

0.01 ( 0.01 0.01

0.43 

4 S 8.  
78.  
0.01 

4020.  

0.72 
920.  
490.  

0.2 

132.  
0.54 

0.1S 

68.  

76.6 

7.0 

10.6 
0) 
0.  
0.444

60.  
20.  

0. 1 
0.7

702.  

2670.  

14.4

0.4K 

405.  
78.  
0.01 

4020.  

0.7 
940.  
490.  

0.19 

13 1.  

0.53 

0.11 

63.  

76.5 

7.0 

10.2 
0.2 
0.  
0.760 

699.  

2S60.  

14.4

60.  
20.  

0. 1 
0.7

0.45 

4S6.  

78.  
0.01 

4020.  

0.7 
1200.  
530.  

0.2 

132.  
0.54 

0.40 

67.  

75.5 

7.0 

40.3 
0.  
0.  
0.725

100.  
20.  

0. 1 
0.8

691.  

2570.  

14.1



Tab Ile D.5.15 Chemical. analyses of groundwate, , Green River, Utah, tailings site (Continued) 

FORM'AiTION OF C0O1I F- Lfi[ IO: A.I.O V rIAJM 
HYL)RALJ.. IC FLOW4 lF:I..i 'r 1 0N,''I -IJ:: P N---S IT F--

PARAMFTL7R 

TI N 
TJTrAI SilL 101) 
UJRANIUMI 
VANAf) UM 
ZINC

UNIT OF 

['lO/L 
MG/L.  

l'If/L..

S----. . . . . .------ - - LOCAT~IOtN ID -- ScAiip ID AND N L.0 DAIi. - - - - . - . * . .  

808-013 04/4 4/BB1 i30s-04 01/14 4/80 008-05 0V 1/4/0E1 

FP RAIEFERI P fARAMETER IV Ai.(Ii[ I R 
VALM E::/.UNCE.RTA~INY VAI UF+/-UPNCER1 A] N'1Y V A L U +/--UN CF :0RIA NITY

46-40.  
4012 
0.07 
0.014

4620.  
4I.B0( 
0.06 
0.012

4640.  
4.69 
0.06 
0.014

I'AI PER I)ATA FI LE NANE: GRNO 4*1.lO)P f,)i~Ji,;i 40183

(



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPI. ETII' N: AlI..IIJV.iUM 
HYDRAUl IC FLOW RFLAT]ONSHIP: CROSS GRAIMFNT

PARAMFTFR 

A.I KAL3 N I1TY 
AJI..M NUJM 
AMMON I UM 
ANT IMONY 
ARSENIC 
0AJ.ANCE 
BARIJUM 
B ICARBONATE 
B ORON 
CAOMIU OM 
(2ALCII.IM1 
CHILOR.IDE 
CHI-ROM IIUM 
COB3ALT 
CONI) UCTANCE 
COPPE~' R 
F'I..LO]R iE 

GRIOSS AJ.PHA 
GROSS BETA 
.(RON 
LEAD 
MAGNES ]I.UM 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICIFFL 
N ITRATE 
NITRITE 
ORG. CARBON 

P HOSP HATE 
PT IJTAS .J UM 
RA-226 
RA-228 
SEI 17.N 0111 
SILCON 
SIL.ICA 
SILVE.R 

SUD 1 LIJ1 
A' TI ' I UM 

,SUI.F'ATE 

'I EMPI'-RA WURE 
TH-230 
r]TN 

itRAN f.iM

ITN.T OF 
MEASURF 

MG/L CACO3 
MIG/I..  

MG/L 
MG/L 
MG/I..  

MG/I..  
MG/L 
MGIL 

MG/L 
MG/L.  
MG/L 

MG/L 
LUMHO/CM 
MG/L 
MG/L 
PCI/L 
PCI/L 
MIG/I, 
MG/L 
MG]/L 
MG/L.  
MG/L.  
MG/L 
MG/L 
MG/L 

MBlL 

MG/L 
MG/L 

PCI/L.  
P Cr(/L 
MG/L.  
I'IG/L 
MG/L 
MG/L 
MG/L.  

I"I(3/L.  
C - I')I-L'R.;EE 
FPCI/L.  
H G/L 
I'IG/L.  
M1 /I.I

-.. . . .. LOCATION iD -- SAMFPL. I) AND LOG DATE ................  
708-041 09/ K5/82 708-04 1 .1/23/B2 /08-01 09/0//86 /08-011 02/2.5/87 7/8-0 .1 0 1/ '14/88 

P' ARAMEIIER P )RIF. I FR PARAMETER I.ARAMIF TER 
VAI..UE+/-UNCERTAINTY VAL UF+/-1.NCE RTA I NTY VAI..)E+/-UN. CFRTA 1. N i Y VAL JI:+/-UNCERITA I NTY VAI.ULE +/-UNC L RI A N T Y 

272.00 261.0(0 283. 263. 206..  
0.01 0.037 0.2 ( 0.1 0,35 

"- - 0.1 8.2 0.1 '- - 0.003 -
0.04 0.007 < 0.04 0.01 

0.01 
0.021 - 0.1 

332. 00 318.00 0..  
- - 0.0 0.23 0.36 

( 0.01 -- 0.001 -
440.00 319.00 512. 383. 40S..  
343.00 592.00 150. 358. 320.  

( 0.04 - 0. 0'.j 0.04 - - 0.09 
10400.00 9670.00 6750. 4650. 6700.  

0.033 - 0.03 -
1.00 1.00 0.7 0.50 0. 5 

31. 37.  
17. 2/.  

< 0.05 -- 0.06 0.OS 0.2 
( 0.01 - < 0.01 -

325.00 319.00 320. 3,13. 190.  
- - 0.03 0.03 0.02 

0.002 0.0002 -
( 0.05 0 0.05 0.14 0.4 00.13 

- - 0.06 -
2.00 < 5.00 9. 4.6 1.3 

- - < 0.4 -

55.9 
6.97 6.97 7.28 7.61 7.1 

- - < 0.1 -
24.00 18.00 22.1 16.6 12.9 

( 2.00 < 2.00 - - 0. 1 0. 1 
? 2.00 - - 0.0 0.8 
0.0 13 0.014 0. OWL0S 0.40 0.284 
6.70

( 0.0 1 
2225. 00 

5409. 0C 
21 .(00 

( 0.40 

8940. 00 
0.027

2100.00 

5684.00 
43.00 

9490.00 
0.0:3.1

7.  
< 1 (). (), 

0.8 

6480.  

20.  

< 0.00S 
93 410,., 

KH..O~hO

2320.  

6280., 
"10.0 

0:, ()077

1760.  

4800.  

0. 0 4/5



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued) 

FORMATION OF COMPL ETJ'ON: Al-1 .UV I. IUII 
HYDRAULIC FLOW RELATIONSHIP: CROSS ;GRAD)EI N'I

UN.IT OF 
MEASURE 

MG/L 
MG/L

.O........... ............ .... I AI-ON I1) - S'HPI : [D ANI) LOG DATE . -. ------............  
708-0 1 09/ 1V/82 708-01 4 .4 / 1).3 /82 708- 0 1 0910//16 7081-01 02"2 S/87 701/40( 0 V 11/88 

PARAMAMER PARAMETER PARAMETER P ARAIME MTEPAR PA RN FR 
VALU.EUE+/-UNCERTA I NTY VAL UJE+/-UJNCEARITAiNTY VALUF+/-'N CE RTA I CiY VALUF+I-Ui C .RT A I I.. VA. .i-+I/-UNu;I :.RTA. N ITY 

0.0OS' < 0.024 - 0.06 - - O . 0? •4 -0.0"16

PARAMEF'iR 

VANADIUM 
ZINC



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMAT ION OF CIMP 1I.:JTION: SHALE 
HYDRAICII. 1`L0W RELr(.ATIONSHIP- U.P( GRAIDIFNT

. . . . . ...........---------- ...-- I... LO AT 'ION ID -- SAPIIE ID AND LOG DATE . .... .. - - -R06-0) 10/21/07 806-01 01/10/00 80640H1 07/121I/8 807-0.4 10/06/07 O0/-0 01/07/no 

UNIT OF .PARAM'IFTETR > PARAMEIER PARAMETER ... ARAMETER PARAMETER 
PARAMEI ER ME ASI.RFl VAIUI+/-UNLFi A] NTY VAI LUlE.+/- UHf;FrkTA IN rY VAI (.1 +/- UNCEFRTAINTY VAL UL:1 /-iUINCI-FRI AI. NTY VAL.U+/-UNCERI A , NI Y 

Al '" N I T Y MG/L . CAC3. .900. 96/. 906. 627. 643.  
ALUMI:NUM MGIL ( 0.1 0.4 1 0.04 0.1 0.1 
AMMONIUM MG/L 0.2 0.1 ( 0.1 0.4 0.1 ARSENIC M/L< 0.01 ( 0.01 0.007 ( 0.01 0.021 
BARIUM MG/L. - 0.04 -
IBItRON MG/L 0.8 0.89 0.8 0.8 0.84 
CADMIUM MG/I - - 0.026 
CALCIUM MG/L 4.9 5.20 4.73 83. 137.  
CHLORIDER MG/I 108. 160. 200. 100. 100.  
CHROMIUM 1,16/L < 0.01 0 . 02 0.01 0.0 1 0.02 
CONDUCTANCE U111M1H/CEM 2750. 2070.. 2800. 8000. 8880.  
CIOPPER lI/l. .. - 0.01 -
FLUORIDE MG/L 1.0. 10.S 3.5 1.9 1.24 
MUMSS ALPHA PII/L 0.0 ?3. 13. 0. 19. 0.0 36. 31. 3 2.  
G0R03 81-A PCI/IL 4.8 I8. 2.3 9.6 S. 11. 0.0 38. 49. 35.  
IRON MII/L. 0.03 0.1? ( 0.01 0.03 0.14 
LEAD MG/L.- - 0.01 
MAGNESIUM MG/I 1.94 i.$4 4.37 45. S4.7 
MANGANESE MG/L. 0.04 0.01 < 0.01 0.04 0.0S 
MERCURY MG/L ....- ( 0.0002 -
MOLYBIIDENUI'I 11MG/L < 0.01 0.02 0.02 0.07 0.11 
NITRATE M1/E < i.0 0. 1 0.:3 670. 978.  
ORG. CARBON MG/L 4. 233% 1482. 19. 176.  
PH SU 7.9 8.0 8.07 7.6, 7.4 
POTASSIUM MG/L 4.42 40.7 4.6 4.4 8.8 RA-226 PCI/L 0.1 0.1 0.3 0.2 0.0 0.1 1.! 0.4 0. 0.1 
RA-220 PCI/L 0.3 0.9 0. 0.9 0.4 0.13 1.1 0.8 0,4 0.9 
SEL.EN IUM MG/I. 0.00S 0.040 0.022 0./17 0.2F 
SILVER MG/IL. - 0.01 
SOD IUM MG/I... 80. 871. H23:. 2260. 24S.  
SIMIFATE NMG/L. 570. 770. 682. 4000. 4460.  
SIill: fE M)1L - -- 0.1 -
TEER ATUIRE C - DE4.GRE 160 4.13 47.0 17.S1 4 .3 
TOTAl- AL501.. F.1) M2 /E ">00 . 2400. 2290. 7650. 9S40.  
URANU I LG/L < 0.003 0. 00 ( 0.0003 ( 0.00(03 O.OOS 0.0063 
VANADEUM MG/L ( 0.04 0.01 < 0.0 1 < 0.0( 0.02 
ZINC: M1(1/I < 0.000S 0.0 1' 0.00S ( O.OOS 0.0413
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Table D.5.15 Chemical analyses of groundv( , Green River, Utah, tailings site (Continued) 

FORMATION OF COMPI'TIII.I ON- ,IIAL F' 
HYDRAULIC FLOW I1i.-A1I'I1Tn' ON,-']T

13 ARAMTFI R. .  

TOTAL SOL. I)S 
URANIUM 
VANADIUM 
ZINC

UNIT OF 
MFTASURE .....  

MG/L 
MG/L 
MG/L 
MG/L

.. . . .... ... . -... .................- ....... jIOCATION I .- SAMPLF ID AND LOG DATIE-----------. . . .. . .  

70-0l 07/ 14/02 704010 06/ 06 /01-02 06/06/6 /04- 03 06/01/06 70 1-04 06/06/86 

PARAMEI:TFR PAIRAMFTER PARAMIETER PARAMETER PARAMETER 

VALUE+/-UNCF: RTANT ... VALIUE+/-UIC1RATAI!TY VAI.+UE+/-UJCFRI AINTY VA[U F+/-UTNCA RIA NTY VALUE+/-UNCERI AINTY 

6010.0()0 7410. 7160. 7400. 7420.  

4.40 3.( 2.94 2.99 2.98 
< 0.0".....



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FIORiIMAT 1:ON OF C01MP" F.. fTON: SI AI.A F 
FIYDIFAtII IC FLOW. REI:: Al IOW-3111 I~: D~

F'A It AIII FrITll 

A I... KA[LI N ITY 

AMMO1N:IUMl 
ANT iIMO.NY 
A RS N~: 1 ( 
ilAI-.AN'CE 
B3AR IU(M 
BIlA [) AlOlNA Tl'F 
BORO~l(N 
CADIWI IJ 
CAI CIIIM 
CHLOIDER 1~O 
C fill (.)II T UIN 
COBlALT 
CO(N 1).1C TANCI:F' 
CO lPPE' R 
FLUO~R] D1:'.  
OROSS1 ALVHA 
GROSS f1-"TA 
IRON) 
LFADI 
I'AI',NF..S IUM1 

I12*1113 RCR 

NI Ill ATF 

0131, CARFBON.  

PH1 
PH[OSP HATE 
P 0-210 

RA-226 
RTA-220 

S ILI..CA 

S-ll ) R0NT1 UillN 

SllI. F] 1)117 

TEMIQ ' 1 T 
T1I-N ,-

1'11/L 
MG/t.  

M(3/L 
P11113/ L 

I'11/L 
MG/I..  

MG/I...  
I'11/L.  

I'I(/L 

P, C1 / L 
PCI/I.  

MG/I.  

MG/I.  

I11(3)/IL 

M'G/I.  

MG/I..  

MG/C 

PCI/I...  
P TI..  

P CI/I 

I'G/L.  

Ill00..  

'10/I' 

1'1131/1

.~~~~~~- -- -- ITCA ]flN In) - SAMIPE 1) AND lOG.1 [DAITE ---- . - - . -

70 4 - 0,1; 06/04//06 70 -004 09/W01/.6 /') 1 0 1 031/ 1:1/137 70105 1W1/06/07/ /04-01 CH/ WHO11 

l'ACE rEI1)1) Q0 .F:FFR IA I t1 11KI'II IR Vo tA IA IR:. p ARAMETERP VAI.U+/I~NC~i'IA:1 14 r*Y VAL I.F+/ (It iA) ml ry VAI U +/- AN:RIA N ry VAI ...IF-+/-uoJCFp IA IN[Y VAI I/* rI:RAlNy 

442. 39S. 407. 398. 253.  
-- 0.3 0,2? 0.10.  

90. 30. 32. .47. 47.7 
( 0.003 

< 0.01 < 0 .01 ' 0.04 001 
-0.02 0.09 

0.1I 

0.6 0.6 0.6 0.69 
0. 00) 4 

50,337. 366. 3130. 407.  
IK 10'100. 8)6. 96. 96, 

0. 01" 0.03 ( 0.0`1 0.02 
0.09 -. - .  

S0()- 0(). 4*100. 6200. S 450.  
0.03 -

0.9 10 4,0 1.0 0092 
970. 120. 1100. 100.  

27. 56. 620. 40.  0.011 0.0W5 0. 12 0.03 0.25 

190. 439. 460% 400. 476.  
2 . 3 41.2 1i .60 1.65 1.01 

0.0002 - -.  
0.2 0.143 < , 0.01 0.14 

-- 0.06 -.

1190. 570. 2~410. 1120. 1020.  

96. 41. 110.  

7.67 /607.1 6. 13S 6.11W 

43. 2 10.1B 9.6 10.4 
8.j-0J.3 0.3 0.1 0.1 

01..9 1.0( - 1.0 0.8 () . 8 0.7 0.01 0.421> 0.4510 0.:170.4 

1170.. 140.. 900. 1:100. 1190.  

:3 f*?0. : il'. :1100. -000.  

1 /7 14. 16.0 

<



Table D.5.15 Chemical analyses of ground& , Green River, Utah, tailings site (Continued) (

I r('IATL.ION OFAr.M .I :i'' I} I ' ON-II ...  
HYDI(AI.I..1C F:'L.OW I::'. T1II! "P: ON-'S :Tf.TI".

PARAMETER 

TOTAL SOL-IDS 
IUtRAN I:MII 
VANADI 1Il ZINC

IJNIT OF 

MG/L 

MGI/L 
MG/L_

. . . . . . . .. .. LOICATION ID - SOAMPI IF I) AND LTG I) DATF • ......................... .. . . . . . ...  
70)- OS 06/016/H6 70 -004 0910//06 70 1-. 0 W0 1/17 70 0-01 40/06/07 70-004 0 /V 1?/88 

P All A Er fr P Ai.AI'IE I ER P AIANI ::.' FR P ARAMl T'FR P ARAME'ER 
VAI...IJ-+/-t.INCEIT AI: NTY VALUIJ U-UNCFRT A I NT Y VAL.F+!-IUNCC-To IA N TY V W.. UI"+/-- UNC FR *I A I NT Y VAI..1II-:+/-I, UICE RII A N TY 

7420. 6550. 7070. 6460W 6130.  

3.05 1.06 42.9 1.74 2.23 
- 0.141- < 0.01 0.07 
- 0.047 0.038 0.041

(



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

I:PRMATJOFN OF ('01Ivirrr SHI t~E 
H*YDR UI. II C FLOW 1111 AT I. 1Nit .1il 0N.-f I I F 

........... ..........------- - -L.(.O:AT:rfN 3D F) SA1IIFIDEJ[ AND) LOGt( DArE--- .- *-****--*-*-*--

70)4-0)4 ()7/ 4 j/813(

P ARAMErTER 

ALKJAL INITfY 
ALUM INUM 
A MMONIUM11 
ANlTIMONY 
ARy8EN J.1' 
BALANCE 
BAR] IlM 
B [CARHO(NATEl: 
BORON 

CAL CIUM1 
CHLO.R IDE: 

COB ALT 
CONDU CT'ANCE 
r::j P ER 
FLUOR] D[.
GROSS ALPHA 
GROSS BETA 
IRON 
LEiAD 
MAGNESI.:UM 
MAN6ANE!' SE 
1I1IERu1.JRY 

N ITRATE 
NI TRITE 
OR(('.. CARBO(:N 
P11-240 
P HI 
P1 IOI3PFATE 
PP~0-240 
V 0 rASS 1:131 
R A-226 
RA'-'228 

SILVri...1:CA 
SOD II)i 1J111 
ST TROI T F 1.1111 

TI Ntt'lA

U Ni1: r* orF 

MGI/I (.;fAC.;fl 

t'11/L.  
MG1/I.  

MG /L 
"'1/I 
M(3/L 
I'G/L.  
MG/I.  
1113/L.  
MG/I..  

MG/L 

MG/I.  

PC I/L.  
1113/L.  
MCIlL.  
11(/L.  
MG/L.  
I'l(/L.  
M1GIL.  

PIG/I.  
l'If/L 
MG/L 
PCI/I
S U 
1113/L..  
PI'r:/L 

P'tf/L 

MGI/I..  
11(3/1..  

MG/I.  

I'l~lLV.  
M1GIL.  
C - 0[:.04I:.::'l 

(10/I.

VAtIEji-/-LUNI2f-RT Al NTY 

407.  
0.23 

o. 0 4 17 

0.01 

0.74 
0.003 

94.  
0. W5 
0. 0-3 

S4 40.  
0.02 

0.77 

0.4lb 
0.02 

497.  
2. 4S 
0.0012 
0 .09 
0 .0 4 

6. 68 
0.3 

20.15 

0. 549 

48. 0 

I ly),0 

< )1. 17 
( 6..5

V ArtIt'I< E)111R PARANlL• ER PA I k1)' 111 K F1 PARAMETER 
VAt. f I I-+/t S RT A1 Hr 1, V A L1f +/U N C'F R'I A :I N TY V A L U E/t.)N CkA :t- IW NT Y V AtI, I.)E + U N C -: R'T A I N 1'

(



Table D.5.15 Chemical analyses of groun! jr, Green River, Utah, tailings site (Continued) 

FORMAI'.ION OF COMPI..ETION- ;HAIJ.-" 
HYDRAUL.I.C FLOW REI..A'].(NS[ : ONTS-S FTE 

.. . .. . . .. ........................................ .I..(.CA 'ION .D - SAMI[F ID AND ILOG DATE .. .
P () F- . I O F 4 4 o-/... ). . .. . . . .  

IJN [ T O]F P AROPMETI.{' ... . ........ .. .. .......................... . ........ . ........  
P ARAMI-TI.'.. MEWAS!.IRF' V AL!LI /-/lt:C [AT N TY 

IJRANIUI.IM M1/I... 2.Y9 
VANADIUM MG/L 0.08 
ZINLC MG/L. 0.0410 

MAPPER DATA F II..I-. NAME. GRNO1 DLJIDGWI ,102190



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMAT ION (IF ICOlPIJ:r..l: lN.i' SI Y..I 
HYDRAI.JI.) (" ...OW I A'A0II N4;11:1 P : I.) 0,W1'N 1 kRAI).1:ll.0

ti.N i:T 
P ARAMETr'IRt MEASI l 

AI.KAI.. I N I TY MO/I..  
AII._M.[ NI.IM 1I 
ALMItNU1!M MG/L 

A TI,,r1"I ONY Mt11/1 
ARSENI: C MG/I_ 
IBALANCE 7 

B ARIUI.I I'IG/I.,, 
HO:ON MG/L 
CADMIUM M(..3/L 

CiACIU]M MG/IL 
CH OI-I..]IDIE MG/L 

CIHROM (I.UM MG/lL 
COBALI MG/L 
CONDUI.CTTANCE"I UI'II-IM / 
COPPER .8G/I...  
FLIJOR IDE MG/L 
GROSS ALPHA PCI/L 
GfROSS OETA 1C]:/I
IRON MG/L 
LrEAD MG/L 
MAGNES I:UM MG/L 
IIANGANESE MHVil_ 
M1FRCUIRY MG/L 
MIIOIYBOIENI.M I'll/i..  
N I CK .... /L 
NITRATE MG/L 
NJTR I T i 11 MG / L.  
ORG. C]ARBION MI31f:I..  

PH-240 PCI/I.  
PH St.) 
PIIOSPHATIAET M1G/L 
PO0-240 P CX./I., 

POT'ASSILIM MG/I..  
RA-226 PCI/I.  
RA-221 PCI/I 
SEL.ENIUM MG/L 
S:.I..LICA MG/L.  
.31 I... V [:IIR MG I ..3/ 
Si)ILVE III) 
SODIUM MG/I...  
STR'ONT [UM Mf:/L 

5,g .IL M(3 /)E: M .  
S IJ I- :['" ) E III 
l" F" I11• H.: R All I R [7' C, 
"10-.23n P CI" 

TO N 01 MU/I TII AL ... ,S M /I..

OIF 
RE 

CAC03 

CM 

- : .:F :

............................................... . I,,.OC I -I AMP,[ :1 1) AND I AI.G DATE . .. .. .. ... ......  

SM1,. 1 09/ 12/106 $913-04 031/113187 503-0 4 W10/02187 S8-3 - 0 / / 011/1 .83-0 1 07/1/ (10 

iP*A AiETEM R P-- -i- - ARAMrMI:KI' -.- PARAMETIER P ARAMEIER PARAMETER 

VAuII+/-I i;+I0lW'RTAINTY VAI I..UI +/-UINCI ,1 1 :C 1 A] I 1 VAIUI.-..- +/-I ICF RTA iN IY VAI..I..II.+/-tI.INI RTA IN1Y VAI.I-/ UNCERTAI N I Y 

193. 670. 4030. 4220. 1563.  

0.3 ( 0.1 0.1 0.2 0.06 

4.1 0.4 0.,' 0.3 0.4 

( 0. 003 

0.04 -< 0.04 < 0.04 0.01S 
0._ - 0.04 0.21 

0.4 4.0 4.2 4.23 1.2 

0.00 - 0.048 
303. 327. 220. 240. 40 6.  

740. 92•. 830. 900. 4420.  

0.02 0.02 0.04 0.03 0.07 

( 0.0S 

4500 . 7000. 7000. 6270. 6750 .  

0.03 - < 0.01 

1.2 0.4 0.2 0.36 0.4 

0 .8 61. 27. 0. 84.  

0. 0 38. 0. 19. '15 29.  

< 0. 0: 0.03 0. 46 0.56 0.22 

0.01 - - - 0.02 

127. 436. 1W2. B7.7 76.2 

0.07 0.09 0.02 0.07 0.06 
_0 - ( 0.0002 

0.10 ( 0.4 0.01 0.09 0.0 

0. OS 
44. 74. 40. 401.3 4.4 

< o.. 1 
'120. 2. 279. 404.  

O. 0 4.4 - -

W.0 6.79 6.60 6.7 7. 10 

( 0.1 
0.0 0.4 -6 

40-3 10.7 6.6 6.68 6.,8 

0.7 0..3 1. 0.3 0.7 0.2 4.0 0.3 

0. 1.. 2.6 4.2 2. 4. 1.4 0.9 

0.144 0.00Y 0.019 0.104 0.062 
3 -. < 0.04 
0.0 1

4220. 4120. 1690. 4870. 1060.  
6 . 5S- 22 9 %• 4440 .  

?S O ..... "0.. < 0. 4 
( 0.  

17.'5 14. 16"0 13.0 
0.7 0..6 - ( 
0 ,, CO•- - 200." S•:I&O.,1,•00. 48: 0..',.& (0 U



LOO~o ceo~o 900'0 -. SY'OO 
E(")Co,() IOO (),' () > 

9Fpoo" 0 SOIK W 0 V'0* 01 6ý' 0'000" 

,k I. I VI.UJ3N l -/IhVA U.N IVId IVfl/ f VA A1. N IV 1).. U13 3 /N JI A I VA 0 k1.N I:V.I.l.I: JNI'jl-/+.:I 1 V A kAl.N I V..I:. :l1N I -. , ) InVA 
bAJ.I.3WVUVJ U :J. L 1W V I V (I d,.i.I.,Alwvl~lv ~13A lJ.'II-IV)V IJ *:-,I L:: 114V 1V d.  

BS1/ v' il/z I, 0-4,8S 00/11//10 v-l5 L/'.080S I, E BStJ L :1 /El, ( 1. 0 - 1*,8 9fl/i/'. 160) 1, () 28 
:.1V(J 90-1 CINV Of [ 3]dWVS3 - I Ni.)1.1.VJi)1-l - - - - -

"1/c8W 

V/OW 

JO I.l.Nn

I"N I z 
WO I (IVNIVO 

NO I NVUl1 

1Ui3131VVcId

(paflULIU03) a41s s6ULLIP4 'q4fln 'J@ALd UDD49 'J jpunojfi j0 sask(1u)2 LLfl.WaL1o siTYO aLq2i

cv-)



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

nI." 'IMATLON O F:' COMPII..I• [ FN: s.Ihg F.  
IIY)ERAI.II.. .C; ['L.OU Rllilt Al : (NS! ] P : O ,LJ; (1:.-Al)D F.-' ['NT

P ARAMITER 

AtL KALINITY 
ALUM I NUN 
AMMONRIIM 
ANTE[ MrJY ANI.3'1ON I CII 
ARSENIC 

': AILANCE 
BiAR IM 

AIIRON 
CADMIUM 
CALCIUM 
CHLI ORIDLE 
CHROMIUM 

COBALT 
I:FONDIUCTANCEF 
COPPER 
FL LIOF 0 R1)E 
GROSS ALPHA 
3ROSS FIETA 

IRON 
I EAD 
M'AGNES I UM 
lIhNOGANESE 
Mr-'RCIJR Y 
I'IMiLI YBI)DE:NIJUM 
N I CItEI 
, 14 TI! A TIT 

N IT RITF 
OIRB. CARiON 
PB3-240 
P1H 

fP. 21' 
P1OT3(ASb IIUM 
IMA.-2;! 

RA-2211 

51 II 1-*I)P 
TEMP F ( r.lj AT1 
11I.220 

TirR N T( I 

TOTAL. ¶ ...

UN :0 OF 

1M1/L(;(C[.i 
MG/L' MG/I..  I'll~lL 

MG/L 

1'113/1F MG/L 

MVGIL

MG/L 
MG/L 

1,1.3 /L

MGI/L 
MG/L 

MG/I.  

biG/l_ 

MUC ; II L 

MG/L 

MG/L..  

M1G/L 

MGI/L.  
MG)/ I...  
MS/I..  

hIlfl/tF 

NI/I.  

MG/I_ 

MG/L 

MG./I 

I' .I /L 

j'(; /t) 

F'PC irI..  

I'1G 3/I..  

MG/I...  
MI' ,I...  

M'I.

. . . . . . . . . . .......---,------.- - .. L..OCiATI NN ..D - SAMPI. .TD AND) IIAG DAfF -.........  

SF4- 0 1 0'/.I/ 11/106 S84- 0 1 03/.I W8/3/l , -0 1 10/06/87 84-0-1 01 / 1W/88 S84-01 0O/ 11/01 

IA AIr vF'r1 P lORAI'IE fra r All VAI'IFF:R r A"M'ARAMETfER P ARAMETER 
VALUF"/-UNCIt"[I[" A]N1'T VAL.UF+/-UNCFRF1A]NrY N VALI.W+/-UNwIJN:IR.1I ArNrY VAL ..U-+/-Ul,.,FRTA I rY VALAII+/-UNERIAIN IY 

0.2. 202. 261. 26A.  0.2 0.2 0 .1 "0.4'7 0.06

4.0 
( 0.003 

< 0.04 
-0.::IFi1 

C.2 

< 0.004 
57.S 

$30.  

0.02 
C 0.0',, 

4800.  

< 0.02 
4.9 

< 0.03 
0. 03 
150.  
0.02 

< 0.000 ( 
0.10 
0.04 
S.  

A2.  
4.X 

9.08 
< 0.41 

0.0 
4.711 
0.2 
0.0C 

0.093 
S.  

0.01 

3.1 
3460., 

07.  

< 0. 00S 
-41 Y:' 0 .

0.7 

0i ,. O 

1• ,, )

0.9 

0.3 

39.7 
95.4 
0.02 

42.50.  

1.9 

0.44 

42. 11 

0. OS 

C 0. 1 

0.4 

8 .44 

2.60 

"C 0.002 

16 40.  

3 .j0 : 

.js' ( 

5.: 0

0.7 

< 0.0 4 

0. 6 

47.  

0.04 

4620.  

1.9 
0. 0 

14.7 

,'.02) 

C 0.04 

I|.  

4.95 

V.7 
0.0 
2. F 

C 0.005 

4490.  

3400.

4 4. 8, 

S040.

40.  
29.  

0.3 
4.2

0.5 

0.01 

0.67 

39.4 
140.  

0.02 

Si00.  

4.76 
-iS.  
6.  
0. 22 

12.9 
0.013 

).0 .1 

0. i 

30.  

0.0 

2.91 
(). 1 
0.2 
0.249 

4 Sil0.  

2S60.

49.  
13.  

0.1 
0.7

44.0 

4920.

0.7 

0. 0013 

0.01 
0.65 
0.003 

46.7 
130.  

0.02 
0.0 4 

S 10O0.  

< 0.04 
1.73 

0.06 
0.03 

4:3.4 
0. 03 

< 0. 0002" 

0.01 
0.02 
I.0 

7.96 
0.3 

3.27 

0.4 42 
9.52 

1630.  
:3.50 

3460.  
0 .  

4930.



Table D.5.15 Chemical analyses of grounL

(z "'

FOIRMAT'ION OF '•IPj.rE' N 1 :l-[.  
HYI)RAI.J JC H 0 1.4.1.. IF:L A] l .J 0 (H' ,1--lI P I: [,WL N (:; [RAlI E[NT

IN I[T OF 

MG/I..  

MG/I.

...................... ........... .. l(IA J'ii 3I) - SAMPLE' 3D) AND) W(IO DATE ... .... ..  
0;I* -0 .1 09/.O/ 11/06 50i34-01 - 03/1C/87 I4-.01 10/06/87 !A-314- 0 1 0 1/ 12/88I 1:4-.0 4 Os;/ I/i/011 

P A R 8ANTI'IT FR f 'I A-i AI'l•[1 T E RARAMETER P ARAMTIE'RI P RAIRIETER 
VAL...lrI.+/.-UH(JIl:F'I Ad1NTFY VAL I.IF+/-UNC'FRTIA ]N FY VAI IU.+U/-UlC (1ErTA A, NTY VAI...lL +/-UN, IWRIA. NTY VAI AIE+/-UNCF.RIt' N I Y 

0 .000 < 0.0003 0.003 0.0009 0.0007 
0.27 - 0..01 0.02 0.04 
0.013- 0.024 0.007 ( WOOS

2r, Green River, Utah, tailings site (Continued)

P AR AIIITF'F 

URAN I UM 
VA•ADIU[) .[M8 
ZINC



o"91, O-S 004 St/ 
" "0 > 

0()"0 >1 " 

991" -o" O~ O 8 

01' 6* "IOt ()900 : 

-0 S" 0 * 60( 0 
".0"0 >'00( 

6"9 W/ R 0"( )0" 

MC "Ov Z0- /t9" 

L00~~1 "0( >2" ~( 
t10 >003 >L~ WO t :i 

"dO"0 > - 0 
ITO0 to 0 0 0 > Vol( ) 90'0 

CO '9S 00"' "OO 
Z)' 0 S 1 0 Y"O Zvo 

991~~ol WO' )6/01 

A. N. 122]n-+:I1vA A VL lNl/J1V A.T.di]f/:f AJ.NI "0059 '0064/+~~lV) A ~ .IJj'099+:I~ V( 
UJI~~~~ SOVU 1 01VWlVc 3LIVJ J1l2l~~ iI ~IVV 

81/)I'I'0 '051 53L3~./l '01I: )/ ) -;5 ~ /'/0 W* >..~jc 130/V 1'' zo "O t': "--- -- -- -- -- IiOS "ZEB "uOD Of.lWV I N):I~~0 . . .

I/Oh) 

1/13d 
.1/13W 

"'/OW 

1/13)dc 

'1/10 

W/OW 

"'/OW 
VON 

-1/13)dc 

1/91.1 
1/9W 

"IO/f1wn 
W/OW 

W/ON 

"I/OW 
1/OW 
"'V/OW 

"IVOW 

O 1/:Lfl).

1'd) I I .V 1.11 d dW.J.L 

M CI . ins 

1.V 3 :"11: S 

WIz-IIUI 
U 3(V1.1.5 

0U 1 N3Z - I< 

I.I.VfidShJ'Hdc 
l id 

01' MC[I 
N(UHV2I "0110 

3.LVII.1IN 

W I') N: 3(0 8) 1014 

3IS3NVONVI4 

VH.I.fIV S,30110I 

TIONWOI 2: (N02) 

wnl.* W01:111) 
:-i]f0 1:)10 M) 

N0II1.1011I 

NI V "d I V1 
2 1N *-*Iv S 1 

AIMIOW : .. V 
Wfl I N'I IWV 

k.lJ.IN[f1-V)I IV 

1UJ.IJ~IiIV1Vd

I.N-if'OM)IO NNlIJU "- .11 ISNJ r.I.v *I. 11.1 uj0-i.J D) IiIVU(1AH 
3.'IVIIS -Nf I.'3.-. IdI403 JOi N(J:LLV14UOJ

(panulpuoo) ails s6ugLi2; 'q~jn 'JOAld UU19 Wje4mpun0J5 jo SWsAMju [Q2tUAI] 9y a[qpj

C�) 
C")



Table D.5.15 Chemical analyses of grounc' .or, Green River, Utah, tailings site (Continued)(

FO)RMATI1~ON OF CO'P L.J..IT ON- SI AI.F.  
HYI)RA01It C -L.OU RF* AT I (Ný4;II1 DOW )('N GRAI'AI) F[T'

U.)NIT OF 
MlEASULREI 

MI!/L.

.........7 -,- -- ......----- . - O'Al f ON J.D -- SAMPLY 1.1) ONI.) L-i( DATE . - - --- *- *--**-- 

Smys-O 0//16/0 605-04 09/ W/0)6 !A-5-04 0.3/ V3/87 '0-1 10/02/817 585-0 1 04/ 10/811 

V' ARAMIF.:TF0 P IAiVIF ARAMETER V'A)1AME: lE P ARAME: [R 
VAL Ul.:iJE/-LJNC.,fr-ýltlAINTY VA!..LJF+/-iINcURTAITY VAIA W+/-LJNCER1Al NTY VALLE.i+/.LUKCF: RII AWNTY u~I:/u(;E I[ ry 

< 0. 0003) 0. 000:9 0.0003 ( 0.003 ( 0.0003 
< 0.04 0 .2M5 -. 0.01 () () I 
< 0. 005 0.041/ < 0.005 0.025

(

FPARAIIFTER 

VANAI:)1 (i 
ZT NC



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATFION OF COMrI.EI[TON- SHAIF
HYDRIIAUL.I.C FLOW I-l A'I J IiNO31I P: DOWN GRAlAI FNT

IJNIT OF 
PARAME'TER IIASUIF 

Al. KALI.NITY MG/L CACO3 
ALUMINUM. MG/L 
AMMONIUM MG/L.  
ANTIMONY MG/L 
ARSENIC MG/I_ 
BALANCE % 
BARIUIIM MG/L 
IIORON M3G/L 
CADMIUM MG/L.  
CALCIUM MG/L 
CHLOR I DE MG/L 
CHROMIUM MG/L 
CORALT MG/I...  
CONDUCTANCE UIIMHII/CM 
COPPE:R MG/L 
FLIJDOlUT.E MOiL/ 
GROSS ALPHA PC Il/..  
tilrjOSS BETA i) C J: /L 
IRON MG/I..  
LEAD MG/.  
MAGNIMS] UM MG/L 
MANGANESE MG/I..  
MERCURY MO/l.  
MIILYBDENUM M1(3/_ 
NIlCKIEL MG/I..  
N ETRATE MG/L 
NITRITE: MG/L 
ORG. CARBON 1IG/I, 
PBI-240 PCI/LI 
PH S1.1 
PHOSPHATE MG/L 
PO-240 PCI./I..  
POTASS] UIM MG/L 
RA-226 PCI./L 
RA-228 PCI/L 
SEI...'N : M M I_/L 
SILICA MG./L.  
SILVER M16/L 
SODIUIM MG/I...  
STRONTI . tI 1 M1IG/IL 
SIhLFATE M1/..  
SULFD : E MG/L 
TEMP ERATUPRF C - DEGRI.J7 
T'1.-.230 , 1, CI/L 
TIN MfG/I.  
1*0)' r1 .. (1 S0l\ . .... Mf'li/'1..

-..... ... ... ........... ..... . .... LOCATION ID -- SAMPL.F A) AND LOG DATE . - - - - - - - - - - - - - -

• $8S'-(01 07/10/811 /80-02 07/I/018 5'85-03 0//W/0/ /S-04 07/1/I"8 5A-0S 071 "81/.  

VAR M'AMlE-TTR.I PARAMETER, pA R ER PARAMIE.TER PARAMETER 

VAI.I.+/-UNI;FRTAI NTY VAL..UI.-/-U.NFIWI Al NTY VAL.AJF+/- NCERTAi1NTY VALUF+f/-UNCFRTA1NTY VAI.UE+/-UNCERTAlN TY 

073. B73. 073. 873. B73.  
0.02 ( 0.0 1 0.01 ( 0.04 < 0.04 
4.2 4.2 1.2 4.2 4.2 

0.008 0.041 0.041 0.014 0.007 

0.01 0.04 0.01 0.04 0.04 

4.1 4.1 1.2 1.2 W.1 

0.003 0.004 0.005 0.004 0.005 

41.,9 44.3 44.3 42.5 41.9 

030. 820. 30. 8"30. 840.  

0.02 < 0.04 < 0.01 ( 0.04 < 0.01 

"5000. 5000. !.;000. 5000. 5000.  

< 0.04 < 0.04 < 0.01 < 0.01 < 0.04 

0.4 0.4 0.4 0.4 0.4 

0. 49. 0. 4Q. 0. 48. 8. 38. 0. 47.  

27. '26. 4. 2S. 14. 26. 11. 25. 42. 26.  

0.00 0.05 0.28 0.03 0.05 
0.01 0.01 0.02 0.02. 0.01 

9.67 9.49 9.59 9.78 9.57 

0.02 0.02 0.02 0.02 0.02 

( 0.0002 < 0.0002 ( 0.0002 ( 0.0002 < 0.0002.  

< 0.04 0.02 0.01 < 0.01 0.04 

4.14 S.6 5.7 S.6 S.4 

232. 229. 210. 223. 220.  

7.22 7.2.2 /.22 7.22 7.22

4.2 
0.4 
0.4 
0.071 

( 0.01 
1900.  

2320.  
0. 2 

4 6 .S 

S6430.

0.2 
0.7

4.3 
0.3 
0.6 
0.056 

0.01 
4940.  

2330.  
0. .  

46.5

0.2 
0.7

4.,3 
0.3 
0.2 
0.059 

0.01 
4950C.  

2150.  
0.2 

46.5 

5640.

0.2 
0.9

4.4 
0.4 
0.4 
0.054 

( 0.01 
1930.  

2350.  
0.1 

16.5

0.2 
0.2

4.4 
0.3 
0.3 
0.004 

< 0.01 
1920.  

2370.  
0.2 

S O.

0.2 
0.9



(Table D.5.15 Chemical analyses of grounc( m, Green River, Utah, tailings site (Continued) 

FORM'A TI:ON 01" U:OPIPi~L.FTrON ~.I" .  

HYDRA01hI 1. ( '[..0W fl.. TJ(NII' DOWN G)or :1o F NT

UNIT Or 
IIEA'-'iJRF 

M (3)/ 1 

MG / I

(

LOC:ATIO oI D :i - SA~MPLEI D f AND) LOU DAT[-------*.-- .*--*...... .. --.- --.. -...---. . --.  S8f35-0) 07/10/8i8 SOW02 07/140108 S81103 07/110/8 585-*4 0// W/00 500%o o// iUwOR 
P AIAMrFn'. I. PARFAMETER ~ P ARfAMTEI1R PARfAMTRrr PARAME TER VAI AE/*uC:lt~ NTY VAV IJ:/LfjIRA) N rY AA.Ll+/uFIN A]NY VAI ..UF.+/-*U)NCF-RTIA T NTY VAL1.J1.lF+/-tjNCERTA TN!r 

( .0.000900 0.0003 0.0003 ( 0.0003 0.0()1 ( .1 () 0.01 ( 0.01 0.01 
< 0..00S 0.005 0. 0148 0.001S 0.005

P ARAMFrTER 

U[RAN~IU(M 
VANADIUM 
ZI].NG



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATIO.N OF COMPLETION: SHIALE 
HYDRAULIC FLOW RFLAIl(NSHlP DOWN GRADI):rNT

PARAMFTER 

AL.. <AL. NI TY 
ALUMINUM 
AMMONIUM 
ANTIMONY 
ARSENIC 
BALANCE 
BARIUM 
lORON 

CADMIUM 
CALCIUM 
CHLORIDE 
CHlIROMIUMN 
COBALT 
CNODUCTANCE 
COPPER 
FLUORIDE 
GROSS ALPHA 
GROSS FIETA 
IRON 
LEAD 
MAGNESIUM 
MANGANESE 
MFRCURY 
MIOLYB DENUM 
NICKEL.  

NITRATE 
N1TRITE 
ORG. CARtOON 
PR-240 
PH 
PHOSPHATE 
P0-240 
POTASSIUM 
RA-226 
RA-220 
SELENIUM 
SILICA 
S:LVER 
Gil) 0 DIMtl 
STRONT iýiUM 

SUI FATE 
SULFIDE 
TFMPERATI I;: F 
[TH-230 , 
T I N "*k 
'I i~lA i.- w

I j N[lT 0OF
MEASURE 

M(/L CA(C.03 

1163 / L.  MG/IL 
MG/L 

MG/L 
MG/L_ 

', 

MG/L 
MG/L 
MG/L 

MG/L 

MG/L 

MtI/L 

MG/L 

UM/M 
MG/L 
MG/L 

PCI0/L 
Po/t..  

MG/l 
MG/L 
MGO/L 

MG/L 

PMGI/L 

MG/IL 

MG/L 
MG/L 
MG/L 

PCI/L PCI/l.  

MC1/I.  
M'G/L1.  
MU/L 

MG/L 
MG/L 

MG/I.  PC (3 / I 

MG/l..  
C - D/ L FF 
PCI/L 

MG/I.  

MG/I.  

I'01 3)/ I.

..... . ... .............. . .. LOCATION IO -. SAMPLF ID AND LOG DAIE . . . ... .. .. ... ... . .......  

8,)9-01 4 0/,:3/87 809-04 04/07/1,8 8 0- O-) 4 0/',6/17 0 0- -0 1 04/07//0 13 40-"0 1 01/ 46/8B 

PA RA AMEr ER P fiAI PARAMETER PARAMETER PARAMETER P ARAMETFR 

VAI UF+/-UNRTAl NT VALUF+/-.11NCF21RTA INTY VAtlU+/*-UNETlAINTY VALUF+/-UNCIRTAINTY VALIE./-UNCERTA.NTY 

530. 4 08. 369. 423. 406.  

( 0.1 < 0.1 < 0.1 < 0.4 0.09 

0.6 0.7 0.3 0.4 0.4 

0.04 0.044 0.04 0.01 0.042 

S-- - - 0.04 
0.S 0.64 0.6 0.59 0.74 

S... 0.003 
33. ?7.7 7.7 17.4 2/.9 
92. 400. SSO. ISO. ISO.  

< 0.04 0.02 ( 0.04 0.07 0.04 

LS00. 5240. 4200. 4, 40. $000.  
-...... 0.02 

4.9 4.93 5.4 3.27 2.7 

0.0 33. 0.8 4.4 0.0 20. 40. 40. 0. 25.  

0.0 '. 34. 0. 4.7 0.0 23. 49. 48. 0. Is.  
0.03 0.43 ( 0.03 0.32 0.04 

- -...... 0.0 `1 

46, 44.9 4.70 6.94 43.7 
0.04 0.09 ( 0.01 0.21 0.08 

S.. - - 0.0002 
< 0.04 0.04 ( 0.01 0.04 0.03 

S 4.0 < 0.41 4.0 < 0. 44.  

3. 440. 3. 99.6 404.  

B.2 8.: 8.3 8.05 0.22 

4.4 3.46 4.2V 2.5 3.13 
0.6 0.2 0.2 0.2 0).1 0.2 0.2 0.2 0.4 0.2 

0.5 4.3 0.9 0.9 1.0 4.4 4.3 0.9 0.8 0.7 
< 0.003 0.124 0. 00i' 0.083 0.074 

... 0.0 4 

4670. 4800. 840. 4280. 4420.  

3 140. 3270, 610. 2440. 2790.  
. 0.4

$240.

44.4 

S 400.

46.0 

2740.

4401 

3970. 4700.



( Table D.5.15 Chemical analyses of ground& Green River, Utah, tailings site (Continued) (
I,:'f)RI(IA'rIfON OF CCJMPI... E ON: !-;I.I- L..E 
HIYDRAUI IC F'I.OW 10- I... OII 1ON3lII DOWN (GRIADW. ii Fr

PARAIIETF.'r:R 

IJRANI UM 
VANADXIUM 
ZINC

[IN r T o1i 

M[/I..  

I'IU/L 
MG/I.

............... ........... ...................... ...OCATIr ON ].1 .-- SAMPIF ID AND LOG DATh ................... .... .. . . . . .  
809-0 4 40/2:1/87 809-0 4 0 /0 1/010--0 4 40/26/87 n040-01 010//138 13 10-0 1 071 46/88 

P AILAMET ER P ARAF'-T[R P Ar RANE1'I'-: [R P AR AM .ER 
VAI...L .+/-IJ N I.FRTA I N r Y VAI .IF+/-UJINCFFrA J•TIN rY VAI..I +/-LINC;FRTA I NT Y VA I.LIE+/--UNCERTA ] NrY VALIJF+/-JLNC FR TA .NTry 

0 .003 0. (,,0 14 0. OOS 0.004 0. 00 42 
< 0.04 0. 0) ( 0.04 ( 0.1 ( < 0.04 
( 0. 00S 0 .009? ( O . 0 0,i 0. 427 0.013

MAPPER OATA F[I.E NAMIE' .NO 4 KIIDPGf3W 402409



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATr3(ION OF COMPET ITON3:CONI.OMRATfE 
HYDRAULJI) FL OlU RELAT'IONSHITIP: IIIU GRAl)DFNT

PARAMFTFR:t 

ALKALIN. 3l Y 
AI-IJPJ'.: N(.)V 
AMMONIUM 
ANTIMONY 
ARSENIC 
BIALANCE 
BARIUM 
BORON 
CADMIUM 
CALCIUM 

CHLOR IDE 
CHROMIUM 
COBALT 
CONDUCT 3ANCE 
COPPER SFLUORIDE17 

°o GROSS ALPHA 
GROSS BETA 

IRON 
LEAD 
MAGNESIUM 
MANGANIESE..  
MERCURY 
MOLYBDENUM 

NICKIFL 
NITRATE 
NITRITE: 
ORG. CAR.30N 
PH 

POTASSU11111 
RA-226 
RA-228 
SELE:NIUM 

S3LICA 

SOD)IUM 
STRONT.IUMO 
SULF'ATIT.  
SULFIDE 

TEP':AURE.  
"1,IN 
TOTAL SO3I.D 

(JAN 3:DI' 
VINC~ :

UNT V OF 
11EASUME 

MG/L 
MG/L 
MG/L 

MG/L MG/L 

M /I.  
MGlI/L 

MG/L.  
MG/I 

MGI/L 

MG/I..  
UMHO/CM 

M C 3 / L MG/L 

MG/iL 
PCI/I 

MG/L 
MG/L 

3.30/3 

'0G/L1 

3.G/* 
MG;/L.  
MG3L 
I;.MG )3 /L ?~ .  
MG /I.  
SU~l/1 
MGIlL 
MG:;/I.

L. L C:A3TI H .ID .- SAMPLF :I) AND LOG DATE .-- ..... . ..........................  
F 086 1)20 06/0//06 S62 04/)8/31 6 562-03 061/0186 S62-04 06/018/6 562-0S 06/05/86 

PAIz AMIII::Il R P ARA'IrNITE R PARAMETER PARAMETER P ARAMETERF 
VALUI&E+ U"-IANC ,VITA I N'Y VALUE+/I-Ur FRA I NT VAYI.II3; +.-Ui',2CE.3UTA I N T Y VALUI.f+F/-UNCF.RTA I NTY VAI..IU33.+I-UNCERA IIA N TY 

600. 600. 600. 600. 600.  
0.7 0.2 0.2 0.2 0.2 
0.1 ( 0.4 < 0.4 ( 0.1 0.4 
0.003 ( 0.00:3 0.003 ( 0.003 0.003 

( 0.01 ( 0.01 0.01 < 0.04 < 0.0`1 
0.22 0.2F 0.2S 0.26 0.23 
0.1 0.2 0.2 0.2 0.2 
0.9 0.4 0.4 0.8 0.4 
0.004 ( 0.001 ( 0.001 ( 0.004 0.004 

369. 360. 063. 368. 368.  
126. 427. 427. 427. 427.  

0.04 0.04 0.04 0.04 0.04 
0.43 0.1 0.1 0.1 0.4 

6000. 6000. 6000. 6000. 6000.  
0.0S 0.04 0.04 0.04 0.04 
4. 0.9 0.9 0.9 0.9 

0.06 0.08 0.08 0.008 0.08 
< .()I < ( 0,() 1 0.04 1 ()OI < 0.01 

4S0. 441. 141. 144. 144.  
0W3W 0.39 0.39 0.39 0.39 
0.000' 0.0002 ( 0.0002 < 0.0002 ( 0.0002 
0.41d 0.11 0.11 0.11 0.41 
0.09 0.09 0.09 0.09 0.09 

45. 66. 66. 66. 68.  
0 01 0.1 < 0.4 < 0.1 0.1 

7.3 7.3 7.3 7.3 703 
< 0.1 <. 0.1 < 0.1I < 0.'1 

B... 8..:, 8.83 .8 B.63

( 

(

0.005 
4.  
0(. 0 1 

4740.  
10.0 

4330.

411.  

7620.  
0.0401i 

0.1 
0.0 i:';

4.  
7 0.0) 
I330 

4460.  

. `1 

76.90..  
0. 02311 
0.. *' 
0.0.16

< 0.00S 
4.  
0.04 

S830.  
11.2 

4460.  

In.  
0.005 

/9"80.  
.0.0264 

0.11 
0.017

(

0.008 
4.  

< 0.01 
1830.  

.41.2 
4460.  

40.  
S 0.005 

7920.  
O0 :03.3 
0.1 
0.0416

0.:00s 
4.  

< 0.01 
1830.  

14.2 
4460.  

( 0.005 
7.W 

(.04



Table D.5.15 Chemical analyses of ground((
FORMATION OF C.MwPETI.ON: CONGLO MER'II:iA1 TE 
HYDRAUL]C' FLOW REI ATI SIP: UP GRAD, FNr

UNIT OF 
PARAMFTER MEASURE 

ALKAI INTTY MG/L CAC0O3 
ALUMINUM MG113/L 
AMMONIUM MG/I 
ANTIMONY IM0G/L 
ARSENIC MG/L 
BIALANCE X 
BARIUM MG/L 
BORON MG/L 
CADMIUM MG/L 

CALCIUM 1M61.G/ 
CHLORIDE MG/L 
CHROMIUM 11G/L 

C;OBALT MG/L 
CONDUCTANCEK U11.MHI0/CM 
COPPER MG/I 
FLUORIDE MG/L 
GROSS ALPHA PCI/L 
GROSS RE.A P1 I/L 
IRON MG/I.  

MAGNESIUM M1(G/L 
MANGANESE MG/L 
MERCURY MG/L MOLYIOD.ENUM MGiL 

NICKFI.. MG/L 
NI T'Al E 11G1i31L 
NI TR iTE MG/L 
ORG. CAIRON MG/L 
PH SU 
PHOSPHATE MG/L 
POTASSIUMO MU0/L 
RA-226 PC/i/L 
RA-228 PCI/L 

SILICA MG/I 

SOD.I" UMNG/ 

STRUI.NTU: WI I'Ii/L 
SULFATE MGIL 
SULFI.DE MG!L 
TEI'IPERATUR:: C '-DEGI.,..E 

TI N It'I.'.  
TOTAL SOL.'I D!3 Gi/I 
IJRANKUMl' M611,I 
VANADJUI.1 MG&i.  
ZINC I'l/1i

.......... ............... . ... ..... L(CATION -O - SAMP1 F I0 AND LOG DAIF . . . .. . . . . . .. . .  $62-0- 1 09/0//86 562-0 1 02/57187 S62-01 4010/0/!7 562-01 041/05/08 562-0 I OS!.12/88 

P ti(w'~I .RP AG I'I rER P ARAMEsrTER P ARAMETERFf P ARAMELTER VALlE+/-I UN TA I NTY.___R _VALUF +/-UiNF RTA__A NTY VAI A-LU+NFI_ IA) N ry IU.-'-UNC'ER I NTYAVMA VALU.1 V +/_UNCERTA i NTY 

701. 74S. Soo. 635. 660, 0.2 ( 0.1 < 0.4 0.2 0.21 
0..3 0. 1 < 0._1 0. 1 0.2 ( 0. 00 13 

S 0.0-1 <- 0.01 0.001 0.010 
-0.16 -_ 
0.2 -- 0.01 0.9 0.59 0.7 0.74 0.82 < 0.001- - 0.OOS 321. 290. 300. 270. 320.' 

60. 118. 129 120. 150.  < 0.0 1 0.02 ( 0.01 0.01 0.09 
0.06 - 0.02 S100. 4575, 7900. 6700. 6240.  0.03 - 0.01 1.0 0.73 0.9 0.81 0.8, "" 82. 74. 100. 40.  "" 0.(0 40. 39. 29. 
0,37 0.0__ < 0.03 0.19 0.11 0.01- - 0.02 444. 150.. 167. 423. 124.  0.43 0.09 0.49 0.49 0.47 < 0.0002 - 0.0014 0. 18 < 0.1. 0.02 0.12 0.07 
0.0 0 

0.05 130. 433. V73. 62. 430.  
( 0.1 

- 2S. 237.  
7. 0703 6_.93 6.9 6.9 6.80 "0.1 - 0.3 8.40 S. 410 7.2 6.25 7.39 

4.3 0.3 0.2 0.2 
1,8 1.0 0.9 0.8 < 0.OOS 0.32 0.020 0.164 0.160 4. 

9./ < 0.01 
1900. 1910.. 17S0. 0170. 1870.  0.- - 8.03 
4480. 4510. 4A,00, 3W50. 4330.  

-- ( 0.1 
41.. 16. 1S.9 .16.! 

716 (,. 7640. /440. 7070. 7190.  0.01:54 0. 0.'62 .0146 0.0792 0.0402 0, NO < 0.01 0.04 0.05 0.00 ) 0.022 0.007 0.006

r, Green River, Utah, tailings site (Continued) (
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( Table D.5.15 Chemical analyses of groundin -a, Green River, Utah, tailings site (Continued)( 

FI;I~IAT[oN o i~otir~0 ri :CON: CONGI .t:i'iiKNAUP 

iJICOiIJN ID) SAMPLE 1DIi AND) LOG DATE~ 
N OS()I0/ 10/f.0 

iN IT OF P 0 kARIIIF:T1.: iR P ARAMECTER P ARAiITFR PAR~AMERTER P ARAMrETER 
PARAMiTTIý:R MiT-.ASIJRF VAI .Ii+/QMLiCFiMI( NTi ~Y VAL WF+/ JFPIA Ni Y VAI.. 11' f/-.1...0CE~ P, 1,A) II Y VAI lit/LN; TiNTY V AI1.111: Ul'! LN GE IV 0 A N 1 

A I. KAL.I IN ITY Mi/L. C A CI :1 671.  
Al I.ijMI NIJM lO/L. 0.4 9 

ANfi:MONY 1G1I3/1 
ARSENIC 11(3/i. 0.016 
B1AL.ANCE x 

BAR~IUMl MG/I.- 0..01 
BO)RON MG/L 0.03 
CADMlIUMi MG/i... 0. 0011.  
C AL C1 1.) 111 MG/i.. 253.  
CHLORIDE 11 (3: 1/i 1 430.  
C H 110M.I: 1.11 MG/i.. 0. 08 
COB ALT MGi/I. 0. 02 
CONDIICTANCE 1.)[11-11.)/C M 6620.  
COPPER MG/L. 0.01 
(:F1 UOR T E r'l/i.- 0 .95 
GROISS Al PHA PCI/C.  
(IROSIS BETiA I"C I /L .  
IRON '10/I... 0. 00 
LEAD) MG/C 0.02 
MAGNFSJUI1i MG/i... 114.  
'IIANGANFOF. ME;/L0 0. 17 

MiERCU:iRY P10/i < 0. 0002 
MINOi. Y l.NI I MG / I 0. I :3 
NI CKFL 10/i. 0.01, 
N1 iTR ATE MNi. 6.  
NITRI(TE: MG/i.  
O:RG3. CARG'ION PIiG/C 
PH 91.i 6 . 81 
PHOWISP 1IýiE NG/L 0.3 
POToSS I1..1 Lii G/i. 7.24 
RiA-226 PCE1/C.  

C)Fi ENI UI MG/I.. 0.4194 
SILCA MG/i 9.2 
SUN LER MB/C 
SOD CIUMN 11101./i1 1910.  
S fk1 ILNii1 U.IIi I'iKu. '9. 55 
Ei i***TE~~ MG/i 4200.  
F-*i. I :D BC( 0 
T I.":i111 1 kiATU 1i'.i:.* C DI":i3ORF' 47.S 
f IN lI/II G .  

TOTOl. SOL ID13; MBp/i. 6920.  
iURANIUM 111i*3 / 1... . 0290 
VANADIU :iOH '1/i. 0..0/1 
ZI Ni: 10/L 0.006



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF Ci011PI E.[ON" fNGI )MERAT 
HYDRAULIC .OW RPL.ATT0I.'1'00f' P: (iN-SITI

PARAMETER 

ALKALINITY 
AL UMINI.UM 
AMMONIUM 
ANTIMONY 
AR(SENI C 

BALANCE 
BARIUM 

BORON 
CADIIUM 
CALCIUM 
CHLORIOE 
C H-ROMI'I : UJIUM 
COBATI.  
CONDUCTANCE 
COPPER 
FLUOR I DE 
(GROSS ALPHA 
GRO88 BETA 

IRON 
LEAD 
MAGNESUIU 
MANGANESE 
MERCURY 
MOLYBDENUM 
NICKEL 

N I T'RATE 
N ITR.ITE 

ORG. CARB0ON 
PB-210 
P H 
PFIOSPHATE 
P0-240 
POTASSIUIM 
RA-226 
RA-228 
S F1.-. I 1hN 1: U M1 
SILICA 
S rILVFER 
!-.30) 11 SODI]UM 

S TRO NI TIUM 
SULFATE 
5011--1:DE 
1TEM-. F R AT IIP, 

1I I- 123--0 
3TN

1.)N f: 0 F3 
MEASURE 

MG/I CACO3 
MIG/L 
MG/L 
MG/L 
MG/I.  
7.  
MG3/L MG/L 
MG/L 
MG/L 
MG/L
MG/L 

MG/L 
UMHO/CM 
MG/L
MG/L.  
PCI/L 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L
MG/L.  
MG/L 
MG/L 

MG/L 

SU 
MG/L 
PCI/L 
MG/L 
PC.I/L.  
PCI/L 

MG/L 
MG/L 

MG/L 
MG/L..  

MG/L 

MG/L 

811 G) / L

....................................... . OCATI i) - SAM I.E [D AND L.O DATE-.. . . .
so V1-o 09/1.1/06 $81-004 0:1 13/87 $ri1-01 40/05/87 5114-04 ( i 0 1/ 12/013 S .J-0 1 05/J1/8O 

PA RAMN ETER P A1AIlIF: I Fin PARAmET.:ER PAI(AMF:T1.. R PVAAMEI ER 
VAI .U +I/-UNCFR TA]NTY VAIUE+/-UNi.FI'A I NTY VAtI l+/-i'TA I NTY VAIU.E. +/- UNCI 101 A I NT Y VALUE J+ /--UJNCERTA• N r Y 

402 1. 4042. 973. 961. 979.  
0.3 0.2 < 0.1 0.09 0.04 
2.4 0.8 0.6 0.S 0.8 W 0.OO3 -......  

0.01 -< 0.01 0.03 0.049 
-0.21 ...  
0.1 .4.. - 0.01 
0.9 0.7 0.8 0.83 0.H6 

( 0.004 0.00.  
29.1 20.S 18.1 20.0 22.1 

400. 95.4 229. 130. 480.  
0.04 0.04 < 0.01 0.02 0.04 
0.05 .... ( 0.01 

$000. 4400. S500. 4900. 4920.  
< 0.02 .- < 0.01 

1.3 1.2 1.2 4.Q3 4.42 
-- 0.0 32. 7. 21. 

-... Y. 9. 'J I. 12. 46. 

0.05 0,04 < 0.03 0.12 0.04 
< 0.01 .. 0.09 

40.3 9.51 9.3 9.71 8.83 
0.02 0.03 ' 0.01 0.01 0.01 

< 0.0002 -.. 0.0027 
0.09 < 0.-1 < 0.01 ( 0.04 0.02 

< 0.04 . -- 0.01 
4.2 0.4 < 4.0 < 0.4 0.') 

420. -S . 241 . -.  

0.. 13 1.  
7.91 7.77 7.7 7.8 7.75 

( 0.1 ...... O.A 
0.0 0.6 -. -* - -

3.•6 4.180 2.76 2.25 2.51 
1.2 .-- 0.7 0.2 0.3 0. ¶ 
0.2 .. 411 2.7 0.9 0.3 0.8 -" 
0.4.2")4 ( 0.002 ( 0.005 0.1S7 0.095 
R.. '.. 8.11 < 0.01 .....

< 0 () 4 

2..  
2520., 

17.  

0. 4 
< 0. O(,05 

4770.

2:3140.

1.7
-i6.0

16 10.  

15.0 

2630.

4680.  
2.60 

2460..  
454 

4630.



( Table D.5.15 Chemical analyses of ground( .r, Green River, Utah, tailings site (Continued) 

FORMTITON OF' (;iMPLF-Ir.rn fC0NFI OMIP.ATIT 
HYDRAtI :1 (.; FLOWJ REI:.AT J ,(iN1-HI O (N5 S I TF.

UNITI OF 
MEASURE: 

MB/L.  
1,161/..  
MG/t.

~~~~ ......- L.(J[ATTON ID) -- SA P F ID) AND LAGn I)AIT -*****-*F**---- . ----

SHKA1 1 09/ 11/06 50N1 -041 0:i13/ hVB7 58 1-0 1 1 0/01-3/07 91 1 - ) 1 0) I/ 128 SH00i 05" 1 ( 1o /00 , 

P 0 R A 11F.T 1:. P ARAMETrER P ARAMIETER P ARAMETERl P ARAMET ER 
VAI.UE+ /-IJNCERTA~I NI Y V A LI '+1I JN C V Rri ) NvIY V A tI F,:,/.J U;C1: 1 1, AT I' Nr* VAI.I.I• 11-- iU N [:1 TA I NVY VAI ..IF, + /-tIN V-R TA I N [Y 

( 0. 000,1: < 0. 0003 0. 0011 0.0010 ( 0. 0003 
0.22 < 0. 01 < 0 I) () 0.0 1 
0.01(0 0.007 0.006 0.047

MAPPIER D.ATA F11L[E NAME: G(3N0 11XIM)PfUI1102 187

PARAMETI:R 

URAN:I UI11 
VANAL) [UM 
Z INC



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF* COMP PLETION: CONGi3I.Oflhl 'rATF 
HlYDRAUIJI ( FLOW RE:I ATl 3.iNSH`I1P CROSS GRADIENT

PARAMETFR 

A LK A L:INITY 

ALUMINUM 
AMMONIUM 
ANT IMONY 
ARSEN]C 
BALANCE 
BARIUM 
H0RON 
CADMIUM 
CALCIUM 
CHLORIDE 

COBIALT 
CONDUCTANCE 
COPPER 

FLUORIDE 
GROSS ALPHA 

GRUSIS BETA 
IRON 
LEAD 
MAGNIFSIUM 
MANGANESE 
MF*RCUiY 

NICKEL 
NITRATE 

NITRI TIT.  
ORG. CAROiON 
PH 
PHOSPHATE 
P OTASSUM 11.111 
RA-226 
Ih-2?8 
SE1-LEN f UM 
SI'.L) CA 

S [LVER 

S fIRONT (UINi 
SIUL FA TF 

IIIVIP .: It A TI It E 
TIN 
TO IAL L OLI.. D i[1S 
URANIUMil 
V ( .N \1A 0 f~ .1

UNIT OF 
MEASUR

MIG/L./. CAC03 
MG/L 

1,1 ()/ L.  MG/L 

MG/I 
MG/L 

MG/L 
MG/L_ 
MIG/L 
MG/I 

U111V/I...1 
MO/L 
MG/L 

18I/I..  

JIG/L 

MG/L 
MG/L 
PC I/L, 

MG../I_ 

11 3 1 

MG/I 
MG/L 

MG/I_.  

MG/L 
MGIL 

MGI/L 
iI;ll'L 

SU

MG/L 

MG11/I..  

P'CI/I.  
MG/L 

MG/I.  

14113/i..  

Mi..  MG11/L 
MG/I.  

C - I.E(-t I 

MG1/ I..  
MG/i.  
IMll/L

......... ...................... LOCiATTO I f).- SAMPI.E In AND LOG D)ATE.......... . .  

I6 1--01 06/04/86 6 1-0 1 09/07186 S64-01 02/27/17 S6 1-01 410/0 1/87 /564--01 01/ 40/n9 

f, IAMIETE:Ri PARAMEIrER PARAMETER PARAMETER PARAMETER 
VAiU..ui+/--UNC:irTA i Nm Y VALUN+/-UNRTAITY VAI .IF+/-UNCER i Al NTY VALUE.+/-UINLF:RI A]. NTY VAI LUE+/-UNCERT AI NTY 

745. 707. 790. 606. 606.  
13.4 5.3 0.8 < 0.1 0.7

4.2 
0.003 

( 0.01 
-3.92 

0.4 
0.4 
0.001 

40 '.  
190.  

0.04 
0.09 

0.04 
2.9 

9.$W; 

0.01 
42.2 

0.87 

0 . 4 .3 
0. OF, 
0.08 

< 0.1 

8. 46 
0. '1 
1;.93 

< 0.005 
4.  
0.04 

S56.  
0 .  

700.  
19.  
0 .)05 

419-1 .  
0. 0001i 
0. I 
0.062

0.0 
( 0.003 

0.04 
1 .0S 
0.3 
0.9 
(0.001 

19.6 
410.  

0.04 
0. 05 

'200.  
( 0.02 

2. Wt 
0.04 
3.04 
0. 12 

( C. 0002 
0.4S3 

< 4 .  

( (0,1 

8.23 

0. 1 
2.40 

< 0. 00S 
4

( 0.01I 
810.  

0 ( . ()Wt ( 0.20

1890.  
< 0.0001; 

0. 113 
0. 020

0.6 

0.76 

4.94 
490.  

< 0.04 

1925.  

2.92 

0.16 

4.32 
0.02 

( 0.4 

< 0.1 

8,44 

4.60 

0.41 

723.  

670.  
-17.0 

2120.  
0 . ()0 2f1*3

(

0.2 

0.02 

0.7 

4.4 
226.  

< 0.04 

2340.  

2.7 
0.0 
2.9 

< 0,03 

0.90 

< 0.04 

< 0.01 

< 4.0 

S.  

0. W., 0.92 

0.4 
2.2 

< 0005 

680.  

6S0.  
17.0 

4170.  
( 0.00(3I 

0.04 
0. 00!S

13.  
42.  

0.1 
0.9

0.7 

0.04 

0.71 

4.40 
210.  

0.02 

2330.  

2.87 
0.  
0.  
0.32 

4 .03 
< 0.04 

0.01 

< 0.1 

436.  

4.44 
0.4 
0.3 
0.051 

666.  

641.  
45.S 

4900.  
< ( :

41.  
44.  

0.4 
0.8



( Table D.5.15 Chemical analyses of grounk . r, Green River, Utah, tailings site (Continued) 

FiIRMAT. r.N oF coMP I...I:i'. IN CONGI.wMIRA'rI 
I-YDI'AULI.. 1 C FLI.OW, R EI..ATT 1 13N£*HTI P : IDOWN GW~Al' II-7:1,T

P ARAMETEFR 

ALUMAINITM 

ARSMNIC 

BARULLIM 
BORON 
CADM IUM 

CALC IUM 
CHLORIDE 
CHIROM IUM 
CONOUCI ANCE 
COPPER 
FLUOR IDE 
GROSS AI..P IA 
G3P.OSS B~ErTA 

1: R 0 N 
LEAD 
MAGNES 1: UM 
MAN(GANI:'rE" 
MEf:P';IJR Y 
MOIYB I)IF NI, IM 
NITTRATE 
(ORR. CAIFIiON 
P1H 
POTASS:11M 
R: A-226 
RA-221I 
f.; EL N I I.IM 

S .TI..VEFR 

SI.OI..UF]:DE 

TE M I ( AT .) R F..  
TOTAL SOil.. IDS 
UR8ANIUMl 
VANtAD.UM 
ZINC

UJN J: OF 
METASURE~ 

MG/L CACO3 

MG/LI 
MG/lL 
MG/L "MG/I..  
MG/I.L 
MG/I..  

MG/L 
G11 -/I..  

MG/L 

('lO/L.  P 1: .[ / LC 

PCI/I..  

MG/I..  
MG/L 

MGI/L 
MG/I..  

MG/I...  

MG(II..  

P C .[/ I.  
PCI/I.  
MG/I., 

MG/I..  
MG/I..  
MG/I., 

MG/I...  

MG/I...  
MGlU/I,

-. i..nr,~LOCATIO ID -- SAMPLE.. 0) A (ND LOn DATE 
8 45(- 1 101/6187 845-01 0 1/05/88 845-0 1 0// 16/1B B 15-02 07/16/88 8 1503 07 16/R13 

P A R AI'IF R I.' ARAMrIT:R P Al AMETER P ARAME TER P ARAMET'ER 
VALUI-:+/-I.JNCIF:.ITAI N14 Y VAI1 + N T NIY VAI!II+/-II I- A I Nl Y VAI I.1I7. +/-I.NCf-FITA 1 NTY VAI. IiE+/-IJNCF: I A I N IY 

427. 546. 432. 432. 432.  
0). 4 0. 4 0.01 0.04 0.01 
0.3 0.3 < 0.. < 0.4 < 0.4 

( 0.04 0.002 0.005 0.003 0.004 

S0.0 0.05 0.05 
0.6 0.57 0.69 0.67 0.67 

- -- 0.002 0.003 0..003 
7.6 8.48 7.94 1.72 1.72 

930. 950. 930. 4020. 4020.  
( 0.01 0.03 ( 0.04 . 0.01 < 0.01 

3850. 3760. 3650. 3650. 3650.  
- -- ( 0.04 0.0(1 0.04 

3.2 3.21 3.3 3.3 3.3 
0.0 37. 4. 16. 0. 29. 9. 46. 0. 24.  
0.0 28. 46. 49.. 2. 19. 14. 9. 7. 44.  
0.03 0.44 ( 0.04 1 0.04 0.04 

S0.0, ( 0.04 0.04 
2.74 2.64 2.5S 72.9 2.48 

< 0.04 ( 0.01 < 0.01 ( 0.04 0.04 
- -- < 0.0002 0.0002 ( 0.0002 

0.04 0.0'4 0.03 0.03 0.03 
4.0 00. 42. 44. 14.  

40. 113. 413. 140. 443.  
8.4 i. 8.20 8.27 8.27 8.27 
41.43 4.5 I : 4. S 4.5 4.7 
0.3 0.2 0. 1 0.2 0.1 0.2 0.41 0.2 0.1 0.' 
0.0 4.2 0. 0.8 0.4 0.8 0.2 0.8 0.0 0../ 

< O.005 0.027 0.024 0.039 0.034 
S0.04 ( 0.04 0.01 

960. 1070. 1050. 40SO. 4040.  
400. 572., S29. .53. 54H.  

.< 0.4 < 0... < 4..

.1S.  
2860.  

( 0.003 
< ().0 () 

0.042

44 4.4 
2930.  

( 0,003 
< 0.,009 

0. 009
(

46.0 
4000.  

0.0003 
0. 0 1 
0. 005

<

-16.0 
2830.  

0.0003 
0.0 1 
0.005

( <

46.0 
2850.  

0.0003 
0.0 -4 
0.0K"



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATI'ON OF COIIMIPI.::TI ON. CONGI I.OMI'FAT F 
I-IYIRAII, 1. C FI.WOW lulI AT (JNSI i P GV(.JDI.i (31, Jl 1 1i T

PARlAMEVTER 

AI..I(AL 1 N.I'TY 
ALUM T NUM 
AMMONIUM 
ARSIrENIC 
RAI UM 
13ORON 

CA DM I iUM 
CALCI :UM 
CHIIIOR DIE 
CHR1-I.OM IUM 
CONDI UCTANCE 
COPPER 
Fl., IJOR ID[ D 
GROSS ALPHA 
GROSS D)ETA 05055 Il0rN 
I S ON 
LEAD 

MAGNIS ]:UM 
MANGANI-SE 
I'l".RCURY 

MOI.YB I)FNL.MI 
N 1: .L A TFZ 

ORO. CARRON 
PH 
POTASSIUM 
IR A-2?26 
RA--220 
SELENI UM 
SI LVFI'L 

S601: M1111 
SIl .I-A TIF] 
SUiI..F ]: D)E 
TIEMP FlI Alt!IRE 

TOTAOL !.Ol. ItS 
URANIUM 
VANA[) : UIM 
Z I NC:

0111fl OF 
l'IASUIQiS 

MG/I... CAC03 
MG/L 

MG/L 
MG/I_ 

MG/I..  
1O/1 

MG/I...  
MG/I_ 

MIG/L 

Mn/I..  

PC I/L 
PCI/I .  

I'IG/L 

111 (4/LI 

MG/I_ 
M0ll..  

MO/L 
I'I/I...  

MG/L 

IC]:/I..  

PCI/L 
MU/L 
MG/L 
I'lG/L 

C - DEGRI..' 
I'IG/L 
MI l/..  
MIG/I

. . .. . . . . .. ... . . . . I I . ATI H ] -- S I:I..I )I) ANI) LOn WAlE . . . . . . . . .  
)i IS- 04 0/ / 0/, B 8 ¶...O 07 /0716/00 

P ARAMF M [ET P, ARAIFMJTFR P AR AM ETER P A IIt A N E' T R P ARAIF ER 
VAHJ.I-f/-MNCErTh AI.NrY VAI lW .A./-.. CIJ 4 fR T A AI r V AI AE ./-II0i:F. It.l AIN NY VAI. Uf +/-.NCIFrTA NTr VALU!::/.C./IlT.I [ NI rA NI Y 

432. 432.
< 0.01 
< 0.4 

0.004 
0. 0 
0.67 
0. 002 
7.70 

960.  
( 0.0 4 

3650.  
< 0.0 4 

3.3 
0.  
0.  

< 0.01 
2.46 
0.01 

< 0.0002 
0.03 

11.  

8.27 
1.7 
0 *1 

0.3 
0.0321 

< 0.01 
403::0.  

< O 
0 .( ).  ( 20.1 

( 0.0003 

0.01 
0.00.;

19.  
10.  

0.72 
0.7

S 0.0 1 < )0.1 

0.003 
0 ,. 0 S 

0.67 
0.003 

7.71 
960.  

0.01 

< 0.,01 

0.0 

20.  
110.01 

0.01 

O.7 
0.01 

( 0.010.  

0.029 

10.0/ 06.40 < (0."0 
0. O002 
0.02 

0.1 

16.0 

0.003 
0. 029 

( 0.. 4

24.  

0. 7 
0.7

MAPPI:I' IO)ATA F'1 El F ;N!AM (IlrNO iXI ..l..lIJI.3 1).'88

( Q



Table D.5.15 Chemical analyses of grounl. .er, Green River, Utah, tailings site (Continued)( 

FORMATI[ON OF C'UMPLE.TION: .SANDSTONE 
HYDRAULIC FLOW RELA:r TIONSHIP x: UP GRADIENT

PARAMFITER 

ALKALINITY 
ALUMINUM 
AMMONIUM 
ANT 1I:MONY 
ARSENIC 

NALANCF 
BAIIIUM 
I0RON 

CADMIUM 
CALCIUM 
CHLORIDE 
CHROMIUM 
COBALT 
CONDUCTANCE 
COPPER 

I" L U 0. R : DJI' 

GROSS AILPHA 

GRO-,S IETA 
IRON 
LEAD 
MAGNF:5:I 1111 
MANGANE:rSE 
MERCURY 

NICKEL 
NITRA14"L 
NIT R)I TE 
ORG. CARSON 
P 1.  
PHOSPHATE 

POTASSIMI 
RA-226 
RA-228 

SILlILA 
SILVER 
SODIUM 
STRONTIUM 

SULFATE 
SULFIDE 

TEM1P I 1:1RATIU RE17 IH-230 

TIN 
TOTAL SIL:I: 
URANIUM 
VANADIUM

UNIT OF 
MEASURE 

MGT/L I.AC0t3 
MG/L 
MG/L 
MG/L 

MG/L 

MG/L 
MOB
MG/L 
MG/L 

MO/L 

MG/L 

MUCI/I..  MG/L 
MG/L 

PCI /L.  

MG/L 
111(3/I.
MGI/LI MG/I.  

MG/L MG/I.  
MG/L 
MG /L 
MlG/L 

SU 
MG/L 

MG/I 
PCT/L 

PCI/I..  
M16/L 
MG/I 
MG/L 
MGI/L 

11I31/I.L MG/L 

MG/L 

M(:;./1..  

'MU/L.  
MOBI

.. L.'CATIIN OI) - ID AND LG DATE -- ----- ...... ..... .. .  586-04 09/4.1 /06 5386-0 * 0./O.j3/f17 .56-01 i10/0S/8/ 506-04 0 .1/0//RO 5877-(0 1 09/1 /06 

PARAMEFER PARAMI-Tf PAAEER PARAMETER PARAMETER 
VALU.:.I+/-UNCFRTA NTY VALU+/-UNCFIr A3 NTY VAI.. UF+/-UHCERTA1NTY VALUE+/-kJUNCF lRTAINTY VALULE+ /-UNCERTA 1 Nr Y 

720. 424. ,5.69. 586. 842.  
0.11- 0.4 < (). ( 0).1 0.8 

4.0 2.4 0.2 0.? 1.0 
< 0.003 ..... - 0.003 
( 0.01 - 0.01 0.03 ( 0.01 

-2.79 -..2.08 < 0.1 - < 0.1 
0.6 0.7 0.6 0.65 0.4 

< 0.001 ... -1 0.004 
8.20 6.42 12.3 42.S 3.4t8 

4-0. 142. 183. 110. 490.  
0.03 0.06 ( 0.04 0.07 0.04 
0 .0 - - -- . 0.05 

2500. 2300. 2400. 2290. 3500.  
( 0.02 -.... 0.03 

2.7 3.0 2.6 0.84 3.) 
- 4. 14. 0.0 20. 2.! 8.7 
- 4.! S.7 0.0 14. 9. 10. 

0.07 0.03 < 0.03 0.34 0.04 
0.04 . .. 0.04 
3.4 2.20 4.5 3.45 0.044 
0.03 0.02 0.01 < 0.01 0.03 

( 0.0002 .. 0.0002 
0.14 ( 0.1 < 0.01 0.02 0.09 
0.04 . - < 0.04 
2. 0.4 4.0 ( 0.4 < 1.  
0.4 ..- 0.1 

-- 6. 417.  
9.92 40.01 .1 8.0.1 44.4/ 
0.4 -- -. ( 0.4 
0.20 2.4,6 1.31, 1.34 17.1 

10. 0.2 0.1 0.1 0. 0.1 
1.2 0.B8 0.3 0.8 

0.036 ( 0.002 0.00S 0.021 0.406 40. -.. 13.  
< 0.0 0.1 - 0.01 

600. 643. / 4(0 . 682. 730.  
0.2 -- 0.1 

W. 720. 690. 702. 546.

16, 

< 0.00! 
1920.  

0.0049 
0.49

4 6. 1* 
0.0') 

1920.  
O)..OO(1

0.4

0.003 < 0.01

16.0 

1870.  
0.0042 

( 0.01

( 

(

17.  

0.005 
1990.  

0. 00W1 
0.22



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued) 

FO1RIIATION OF' COIIPI...ET I019: SANDSTVONE 
HYDR)IAIJL:1(: Fl.-OW RI.A-l JIJBIIT1P LIrP GROI'~DF.NI

P AAI1FTEI:R1 

ZITNC

LOCl TM J - AWlE IDTI AND) LE Dl ATE.......  
):16 -- )0*1 09 / 4 .1/06 58O6.0 1 03/ UPl 0 6t~~ 01 1 0/013/17 ~ 40101/07/013 S07-0 109/ 11/136 

IJ14 1' 01:7 ARAI¶TV .r ARAIIITrFR V AiRiMETER ~ PARAM'F:R PARAMELTE*R 

MEA~JR~VALlF+-l~~l.~: I. NTY' V A If +7i (TAT NTY VAL.UFAi/IJ( RTA 1. N fY W1 tf-INF A IN rx VALttl:::+/.--.ttNCEUR I 0.1NNI Y 

0.3/ 0 4I 0.007 0.01 0. 00(S


